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<©T?rc; a<RR ^ aate *m\ amte sera 

SaRiat asaR aw s^aist 3taTa %%mk c*iai tor i 
im srara fasiR faaa*p a| m to cw taro aT& 
^©^ ©r| a^R^ fe i tews cro fassia ?aaR aiawi aril 
^©$ tor ^a?<Rftas ama ill a^ aaa *p tor i ^r! to 
afaapg, arcspsEpsra, aateaw a$a afaf^ aattoiwa aRfe* 
tarn ^rawra ?\im aarapR ^zm tor 1 

as to **r amte w a^rcares csHl? sTSSTatow 
a^ « cs*5? ?a«H kacs a$RR w^tj sriaTR ca aa s^fafa 
asps aarcs to? 5 *i si ctoI assaa §ga tor 1 amass 
aHa area fatsF* TatfaaiTTOa am?a<F mrtUw\\ faaaa* ato 
S^ITat Sf^atfa afos TOR 1 ilte w *Wi ?faR SrRI i£RS fafe 
Taaa^faa aram araa m] aaa asral to?s i si^atfa ^ts^tsI- 
acaa aRraa cate aRRi w ama aw ac*t aca to i 

tor as; arara as^sft, srasnit w aRi Vro stftecaa 
a«a a^s 5 to^ swim ^ aRaa* aRTsiR <$1 ^©^ m anarar 
totr tete « aTTOJ TORa i -tea aTOa m snfa f s® 
Tros *p«i atfa i ill aacsf awa aia tea aRi asa ai to« 
taa am a*n iaas TO*na te ^RR a 3 fl aiRFPira caa^a, 
?a5R*t?aR aaia, srofma araBfyal, ana^ caa^a, aiafasRt 
esrsI, aslafaR fffyat, Rataarc aaaaa, ateraaro fsrro 
aifapn, ?ip^^T*r aR a^Tara, foihfsna rr, ^T^Riaa cwa 
w 'eRm^Ri ^T&rt i srt\£] toi <w afssRR aRi«ica 
ai^iai to ^iaic^ ^^^Taica ^RC^a wm sraua^ 
caa ^ ^s ac^i^saia caraT^i i aio^ta a^f^ * a 5 *? a^caT^caa 
^TC®r f^caa^Tca ai^iai todpt Sla^ «pi caiaT^ w §1 pj«w^ 
caiam i 
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1 . 1 : 

m kfe ' s m«i^ fcfe i rirr^irs 

i w<i 'sifefer ^h" wfwh 
%<& ^ l WF*m 5TITW 2SW ?m*t ‘WTsf (Insulator) 

^£«T SIR <f><J| (RC® RTCR I CRR C4>H ?fiTCT3 5RT Wcsi'G 

®?^ 2RR RRT RIR I fofl^ 1>WRR RR$ RT RgjRTC^ R*R 
RTRTRR 5RI fel vm isfV5<? 2RTC3R R^K ^ I 

*5tM ^>niR*T f«53ft (Induction Coil) bMWK RRR *fl^R 
*PS5 W.*tt Ul Isf^ (Spark) -fffi ^ ^ 

«i®k>r swj ta ®fv^ otcsr i Trstrcrr $ri 

R)*l^® =fNR Rif® RT RR^® £ff®3® Rif® (Fluorescent 

Lamp) £f^f®R SRRT CR ®fv^ ERR; 3R ^T<3 *TiTR RI 

rirrr rrt fei sri mRR skrj srksr 

Wf) Rfe RT ®Rt<HR 3TCRJ ®fl£«! SRTC^R felM*f C^ITR 

fefl ‘‘TCR RRT rtr cr ri®r rirt ®fe 

srr; ?r ^coi^ad rirr ^<p tRR rrrtr fifes' RfRRTR ‘jffeR 
'Sri i ri®r v£i?n ^r*rir $®>®®s Irfr 6 ! rcr >3R\ 

RTRIRT Sfia - lR®R-2f£®? SOT^f RR£eTi| RT|>R ^R SfT 5 ® CRtR 'SRI 
3TF® RyT RRI fR®R 2TC®FfR R\C?T ®fe 2RTC3R RfRR®R 'Q^w 

r;s h^rirI «itcri ^sirr err sh^Ir ^<k*r *wi fe er 

®fe SRI^ ^R ®R r>rr \ 5fv5^ fe*R«t (Electrolytic Dissociation) \ 
SRTO sr:rj SRI *RTtf (Solute) ^RRR 'Q W5R ^RH R*RsT 
2RRR {'STIRCR) fR®lfe® ^CR W T<1®< 2TC® 1 ! 2fC?UC^R 

wm m\ f^‘ ! 1?| s te ftflR ?lto 7^^ 2RT^R I 

I r^ CTO 2RR ^^sR T<i^l T*l®^ 4>(R, 

2rr Uim -^rV® ^r rti m srri 

2RTC5R 'SRT £f^R®o ^RC?R C^?T 'Sled4 ®ct?®?f 1 r®R 

SJC^R 2RRT5R ^R I fR^%®§ 2RR; RTST RICRR ^*R f^R WUR 





£ 

i Vffl riTuCczCl ffllfflW £rfe 
vnmmi to srei 

1- 2: *nTC3? ■'SIW^W ^®fe *lfes;«f 

^TCR^t ^TT $.C*IC^ C*f '5FFT£f *5fn^T xskc'itf 

l fe$ #f ^% e f wvhiv (Insulated) ssnk^ 

^afe^fh 5 *! TO (Electroscope) tffe TO ^ CTO ?FI3T 

to 5 ^ e f‘ !> ra site *rtet favftfcf® 5csr t^s ct^t 

^nc^ i v£i^ csic^ 5 ww to cr ^fvs^^i^»c c {?f f's'sc^i o^icto 

felt *13 ^ITCTCR3 RC$ I ^SaOO >TTCTO 4I^R-lk <£)§ 

WFsi^i kcTO ^fu*r f^'aaHl 'Ssri^ir 

(C.T.R. Wilson) ?m? 7 R ^ vsfe TO 

2RT*t TOR I 

^rr*ncR3 %<s *ta qfer s?n fe^§ 

fe*T3 TOTO 3fe«F (Agent) 7nSTC3J > TOfC3 5 WT3<J 

^iT^vo TO ^5^1 CTO <p- Tsjfe-^sprt (L’itra 

Violet) <jf* 5 ) ^ sfW53 3TOCTO T'sTO f*fC?T *T&R TO, 

\slRC«1 ''tjlk feflTO ^TRTOlk 33 I srefa iH3t 33 3fe 
3i^7CTO nferfesT 33^3 3T?TO CW I ^TITO rcWfTO (Radio- 
active) ^jaf CTOF fef* «flW, 3T TOT 3JvsTC33 

*ifenfeoiw> ^^oic<r ^ifecir cw 1 ^133 cn^n tot c*r fero 
^totot w to cto c$cr T=rc?r toto sun tto 

■3T&H TO, \£m 3X=T TO?lk f'e^Wil TOsJCTO ‘Hfeifeal TOR C^S® 
TO! I <fk^ <N3t4>S fen TOT TOT S3 'AISW TO'TSt* 6 ! “51C3S 

^fferfesT ^nro tot to, < 33 ° todpt ^<1% sr^ 'Sf^ 

^rfer^ to 1 

3T3TC33 *ffelfe®T 3j%3 TO«t fRCR 3fes *f<ffe V 3T3T 

crorr 1 (i.i) feff ab jtcto w:*n P«Q w f ^ror 

>lSR)Sf \sfe"TO (Electrodes) | SfC*n ^ f^?f gj^»xf 

TO S3 I f*fTO ^^TO <s lfen^ TO Sfr 
sf^$3 sr*n fro s?r w cw to v<i^ m^ra ^feik^T 
^«ttnC*t to to 1 v£)3 cto 5 cron to pt ^titcto '^fferk^i^ 
TO> toI ^titcto wxs ^str cto stto 1 
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n 


fcs 1.1 

3l5 5 5 3|3C3<1 1^*113 '»nTC33 aTsRlfe'Sf 3^33 ^R 6 ! 
f3 c fC33 SRI 33^1 <^< 1*51 I 

3£®T3 331 fef Wt a3lf5s 5313 333 &B f^‘ s T^» 

'®f'5 l sRT3 ^T^FTj 573 ‘3TF13 £303 I<it s T<1\s 53 I SRst *>tjl(.33 

*ffc«ifc\6i te^-g 531 ^R^ca #f aia<n 5 l 

lpT13 aTC?13 33! tel a&R 53 31 SRM SWT tel 3^13^? '^K-IR 
ai&R 53 \st^t m33 a?33fei oma ai3 i 4$ aiH-r 

£303 a^lfe 53 03 '331033 303! 333 vcTyb'SlT^'© 33333 3'©RR s|id4> 

^«r$ ana af33i5l 531 ’ralw wt war 313 t3. *rtw <3 

wsw*. w£ aw ^p^s aiw^ ?im wx ~\ 3^3r 

5T03* I v£i^ ‘5133’ (Ion) w 53 i wra 303! 3 *r 

aj^u 3>31 53, vd 33 <Ml 53 03 ^H1 >iTl?c<^ ‘5l?l < R'©' 
(Ionize) I 

1. 3: 5rrp* Sffsr® \sfe^ 3315 

5TTRR3 303! 5133 ^*123 5^313 3*05 03 tste a3!053 3^ 53, 
«T faOR 3?3% a3 s N 5 T3 3151031 tefas*f 3RT 3*^3 I 
(1-2) ter A xg B ^f^Ria l 4W3 303! *(-3 faR3H f3®3 
ao^i aoaia w 531 v£m 3f? 5*®3%1 ww 

X-^ter 3T5T03T af33T5l 53T 313 v©1505 #^*35 303! 

a31T53 3^$ 53 I 3315 3131 313133 nsS 313 53 53 I ^03 Q 
3^5315 §055&T3 [ j I 5 (Quadrant Electrometer) 3151(31 

3505?$ Toi 3731 3*®3 I 331505 ‘51333 a315’ (Ioniza¬ 

tion Current) ^1 ^ | «RI3J3 <3 3131313 3ffl 1333^5 lcf\^fT03 
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*m 1.2 

tRToW ^IilC>i^ 3t3T 3315 

' ? d^5n‘ 5> f ‘wfe 


^rrf*$ 3*3313 wa*$ *mtc 3 <i 33 i 3 ^ ? 3^3 ac^*r 

v -sif^ns^f 3RTT 33, \£]^9f ^Ti?H3 £f373 * *lf33f\o''4> I (L3) 
%C5 ^ *ifa4\s'«f C5T3fbta3 313'IWJ FF3H 3ZW.W I V 7RI«q 

.1 


/ _ 

V 

fRT 13 

arc^r ^1333 aro cepfozr 

i Sf33 Smi *£)<WIC\s (Linearly) ^n3:^sfa 313 'G5TC33 
5p'!^3l3 S l' 31^5I fassg *IC3 V 3^3 3RW i *fttt 

*313 i£I3\ ^3C*TC3 3^ 3C3 3T3 I W3T3 3^7 53 
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(Saturation Current) | f<^<j sfC® 1 ? i£l^ to 

c^*rt <ttto ^?r, 'ottot to^r tot^; ^tito *'« cto* 

Vsi^lvsiTvij 41^ TO l SRFl ^'oT <3 STC^ TOltf 

^KR *f^ 3RJ ^toTO if^ TOT v£W C^fsr TO<TR 

?<J^^ TO fc*T TOrTsT C^T^ ^rtTOT C3*ft ^?T I ?n'T<f4*TO Oi^f 
^n to w, t^o^-gfc^f ‘'lirovstoi ^n?ro totc3<t ntocR 
'S^sra ^?r ri 

to atwOTiSI *iC«?f ^l?RH TOTC3RT ^ffc^ST Tnfato* TOiTws 
1^*1% ^<10^ ^CoT TOC^R N5n?R^fpT ^I'olW f^M*T \57 
?4CTOI TO *RTO I 

1- 4: *ljratoWR 

TO TOs *TO W, \sto v ^ TOT *f*R CTO 

T<l'©<f SfC^r SffC^ R, \s*R 4ITOR (W X-^p*ro) fefTO <K°T 
^cw^ sfcawra *5fnOT ^sn?RRra ^N^nr c^5 &«tw i 

aw 5 ^ \si j^ti ^tto<t csni> w fac^ c : to 

5SS TO I wk ^ (Kinetic Theory) SR^rraft 5tTRR<f 
^\*5>\s<l>^ *HN<P <3 TOTO ^n?R^t«T >t^Tl ^vo»^\ss fsTOI 
TO wm WR TOASTS TOT m\^ WT^s (Collision) ^ I 'ST 
^Iv5T vsT^^E/TT ^TTR ^fC®^l'Q vslCH^ sFTOtxs 3T\V||\s *TCt? I 

TO TO^TIC^R! RC«T Ito^lxs saT^sslT^vs Hjl) ^TRR ^R'G ^H'G 
TO*T TO ^to*C/TT aW^ ^T Rfa? 

TOC's nra I $tfflR<T TOT ^ 2TTO TOCJW « *TC«9f 

iflfepw n^vCTOOT (Recombination) gR*rg ^1% TO I 

tocto v£)5R ^>011 ^trtt *p*r ^to«r tocto faro tot afe 

CTOR?® ^ ^R-^TOra (Ion Pair) 7R*m <S 1^<CTOR 
>RR ^ I ^n?RR^ *R*fIT TO «TT I 

^rf? CTO M*r^6 Vi^cvs" TOR^ TOT TOTO s^oSTR 

to^-^tort *wm n ^ voi^w wm ^ ^^fn?&?r ntootor 
to fto?[ to ^fror toc^i taro tot to^t to^t 

I *f?TT TOP C^T SlT'o CTC4C*^5 v£j<|i<s ^n?TSR ^ITITR Q ^Tn 1 *^ ^Tf?R- 
?^5T©T ^ | ^5T ^TvpT 72 -^<T TOT Th^ fa'TOlw 

^Tf*TR ^TRR^^ICTO ^^^CTOfTO TORT < CTO^ 
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wi; « 


n JNR'OC*T (StaR SRRR '50Rc*R ^TsRTRt n > ^\pi3R CR CR>H ^TlS RRl^R- ifiR\ 
WW sjctfT *RR7P3<T Tp^RJvsT (Probability) TO 

n 2 SR^mf&T I ^£R t«TRT CRTo *fRR CR *t^fttRI'S?FR $JR 
on 2 ; 4RTCR a s^RR* I i£)CR* RcTT 3$ ‘%*PftCRm 
(Recombination Coefficient) i ^j^r- vSI'ivri 


dn 

W =g -^ 

(U) 5jsft4a«i cto* ^rr<3?rT rr 


n 2 — q /a 


— — a di 


( 1 . 1 ) 


^SRT 


n — / JL n + / <L 

V a V <x 


— 2 yjaq.dt 


v£R £5RR> ^RWeTR R^tR RT'GRT RR 


n _ /I 

In -— — 2\/aq-t + „ 

n+j'3 

V a 


5T3RT 


-y; 

"Vf 


= /4c 


— 2y/ qa.t 


A ^ 4TO §f^R51 Rfr ^SR^TR RR1 RR CR * = 0 TO " : 
2R, *f^P« ^TTICTR RtR] 'STRR «(TCRi «TI, 'vSIS.Cs'f A = 

*TT'S?n RR I ^IhRI 

--■Jl--h^)-- ! ' nn '-' 

tilR PRP^ 3 i^C'S?^. WRH RR PR 

/ J A ~ Wqa.t 

n ~\/~~ - »~* _ 
l+e~ 2 y/qa.t 


( 1 . 2 ) 
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wW ^|SRf l = oc 5^ \s*R n = y/ q g^s 55 | 

a 

^r«ifc vfttf 7f5r§[ ?f^fiT 3??r i i£)^s[t ^rr 

zjj m i 

«at *rf*F ^n?R ^fer w?n ^i, 

^ vdT T<1C<UHI <RTT C^n^s -TO I C 1 — 0 ?BT1 'SJv'niSS' 

ST1?R 3R*m?T *fa^\5'FRT 331 


dn 

di 


= —an 2 


(1.3) 





— — a dl 


>jvj|<p(?H 4(BI *TK3?n *TI?T 

- - — — at + s?Rs 

n ^ 

t = o 7^3* w = t ? 0 551 7Q$<n^ ^<nM*T3 

I ^©t£|^ 

1 ^ ^ 1 1—j—ffliQl Oit 

n ~ ^ «<> ~~ n xt 

m& ^riwi *nt 

Wo 

n — -- 

l+w ( >o:/ 

7isit<^^ c i (1.4) £,«K 3 > m<3?n *rrar w *r*R * = 00 71 — 0 ssr; 

*rofa Tffef c^rt ^fW >i^n *o w^bt sioti 

*n?r wr *>irr sm^> ;tt stir < ^i^n?r ^iwr i 
(i-4) 3^fMR;c^ Tff^n striot %^\CS(tsr Tqqn:*^ *iform 
7p^ I ^1 3 01^ (Lord Rutherford) ^ ^ 

. ^?r i \sk **fcrm (i-4) Iks ot^th i iftrt 
wrosr sr*n fei ab ?m ^arn w ^ 

9mc5Rr siwi 4 v©'*ir ^t?r c^sfiw 

TOTWl X fbfe) ’^TIW WH^ ^BTT 5^1 

src*n *rj *rt f^r «n?mra >wk\s 3M (P>Q,R) <TT*rr 






( 14 ) 
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*E 



fRT 1.4 

?c;«(k<p to<t *f<fm i 

i srcw* zrjmz sr^n trog ac^r src?rr^T to 

^tbrr srere; snm ^ i ^ w«h shts; ^5«;*<n<T %ac^ 
sr*n<ro^ ^<to afo ^to «n?w <i^ih wr Rv*m 

^STraOT R“*fTT-RRC«<r (Concentration) ^a<I Th^'-sI TO I v£W 
w(s i»rr\s^ vs^^ro srrera *m 

fro; wr a^pf KumF&t tot to *n?r i lr^rt n to 

RHI ’fMw WRR 2RT5: TO RTRI Wed srfw^RT 

*qTO3 sjwi ^trrr alwa to 0-4) wIto^ ritoh 
,« aWna to r*^r i 

1. 5: ^TRR% ^Tss-lleivSl 

a^R^ TOcs* CR T<l>o<J 2fC'oc 1 t<1 a«l<R '5Tt?R9qffff^ \sfe^- 

*"<i< ^ri ^ J ns < s v ?nc^ fro* RK3?nR *pc«t ^i^rr shiC3.<i Rj fc & 
I *jW tiJ^N 5 WfTTSRR R^TST 3R n ^R\ ^TT?R^qfoR 

^5 ?RR v > SsTTO A IW5*P<?\ >P^W *qfi> ^BWTSRf TOJ ^IIW 
ZmSTZ RTR 5R neAv. ^*rTCR e TOZRR ^1 

sjrtw <3 tifcrms *q§ aw wr$ « R£*n <no'*im «nw, crtS 

^TIRRR ^?r / neA(v 1 +v 2 ); ^sntR ^i v 2 *?$% tq^ aW 

^llflCRR m I 

sj^Nrr sr w ^fvgwrar iqfibr TOf WR^qfe ^ 
?RW §*RT WRR 2RT^ iR©Wfcr I v£)^ CTO 1 r<^% TO^ TO 



m»rcr atom if w 
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v£J^ C«R^s 'CM-HjTi? a*f% *ft afe^ ^R3f v©T 

I<c<uhi <imoo i snr^f ar^rca^ voial*! sri 
^isHaJa (At Random) fa^cf | Vf J(J<j 

csn£ c^h ^h?i^r a^ic^ >ij fc i? ^rt ; a-rr^ sri 

a«ll«H CTO ftw #$ I aF©*T 

m?TT9f ^JC^T *f^ Sfitfl 4^f[> \sfi^ WC5^[ ^ I 

*PCcT 'SJISHUjail *l'f^ 'oT' p t%[ ^aiT \sf\^ Ca»Cd* 2f^TC^[ 

faftr'*£ 1 w aa T% sfcs (Drift Motion) ^[CTjffao 53 «£flR 

v©ra ^c=i vs mi vsfvs^ c^cs^ ^W^ca i 

aca ^ia*n \sm aiTR<i ^si^srt wa w *rcw ars ^?r i 
aaa<r i£it ?rr *rc*ncs 3 acai vsft?* ca^ erf^s <tcm ®ri 

VslOT afe (Accelerated) ^ ; ^vi:^ *rcC*T ?RCa ^ ^T£a 

C^a »f^i ^GT ?n?M <JI<J<1T<1 4 $<j;a ^m^<T ¥C°T Vsft^ 
C'SKQ'Sl t 1 ^ C^a i£J<MI 3 Slfer i£R\ aca 'TOTTf 

TO m ^SmI TO ^5JI?R^ faa<l% \sf®^<JIC<J<J f*rPP ^3R<1 
arc*? 4 <r° ^tctot cwr ^’iHs ^?r i ^nafspr ^ica wac^ rr 
^ CR ^j'RRffc 9T5 CRR R^JTO 4R Vsft^WRT TOlftel 

Wc^ 'SjsjTf^ ^?r i *rtw 'Q ararw, w^st a^a ^ 'sica 

faaa 5 ^ vsf'5 ( \ u <1IC<1<J f^rW ^5TRa 3RI 

afr ^tik siwm d ^<k to rc*jt aa^ fa^a 

aC'sW V 5?T, VDRcei VsfvS? extern RR A = V/d ^pj) 

^IWR afa e 5?T, vsi^dei ^Tsl Vc%<s t^Ql« 'SRT 
OT^f ^ Xe ^ y$qo ^c; (Acceleration) j — Xe/m 

™ 57 ^ tiM ^ i #f ^5%^ w® >5fe ^iwr ac«r 

flupf a^a^ =iic^<j ^*n 

w?r ^w*fR t> vsi^c^f ^s^;a 5jr«n ^iwi^ 

aa S = ±j& = Xe&/2m ^ | v5f|?RR<J Vsfv^ TOT 

avs c^a ^?r ^ar ws air^ 


V -= 


,y _ Xrt 
r 2 m 


(1.5) 


v — kX (1-6) 

^*ttcr ^ = et/2m ^=tj ^ ‘^i<jh<j af^al^TsT’ 

(Mobility) i ThT^ i ) 5Ta ^aw facm sjuto anpra sjpn f^i^- 
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*fNr ^nro<t $Rt (m e ng m fafaS), & ?R*rnfi> 

sqw s?r i ^rftf cto?t to ^r, ^r«frc JT = 1 t&w§It?(w 

37h ^T3£=T re*5T v — A* 577 TI ^II*1(.H3 ^lT\s*ll<JlM)| 

<!<TO CTOTR i£)<J><J> \5f^ C'sKjJ ^5ff®po 'OjISiCH^ I 

4TO feTTO^fi Pf CTO W tTJSf ^TT TO 

\5T vsTCf^ 'ST^fNt C^tTO ?f\C?f *F*ffTOj) ^f^TTlf'TO TOf 

VslC't-a {RTC? C^^f 1 r*hT<1 VS I SR^lf v5f\5^ C^Q &%> 5TT 

7TCn<I ^RI?r vof^ C^ wfe m ^ 37f I ^IC^rt 
(71 CTO TOTO *f<TO *R*T1C5?I srC*ttTO TOC?R TOTO r *1^ 
ssTCfiT ?fv5 <* 4<t TO TO *RT CTO 'TO i 

^TOT f^TTO *flfa * = A / r ; A ^5 "STTO^I^R 

9fv5 s^^sf (Mean Free Path) i ^5r^ vs%<? TOT 

'§r?*ivD ^f5 C^l ^?f 


_ Xt/ _ X<A _ < A 
2 m 2 mr 2 me 

'il'i^H s ht ^rf^tlTOT 571 


?rTo*rtTOT >f<faTO niwi^ tor torkto* *pj&q 

attest i to to<b ^ifsiro TORI 

(1-5) fe fRreTO<t (Tyndal) stfo*fN^7 *ferm TOlfo 



far 1-5 

ftvRlSIM 4^)V- ^v&tIw ^TTO^Nl ^r1%*ftTOT *tf?iTOf TO% 

2f c ff*f% 577TC^ l A, B, C i£)^ D' (>itfT£ >i^tl«T 'TO SflfffT I 
<3CW TOM TO fer ^TO^fcT TO TOT CTO TO?f I ' 5 n?R^fcTC^ 3 
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mTO 3f?RTfS5T 


1* 3T53 tmiR T§33 3*515; TOT TO I P 3*3,^ 3TCR E §£<r[3^- 

fatarc 3*C3, to ^ti^tctt ^ttto Sri 5 : 5TT3T to i b ^ c ®nfa 
*r^3 tot331to>(E'.C j1%<[gf^tf^ t^i a <3 b enfa- 
rtsr tot 31<itoY (A.C) fro 3 33 ^ 53 ' c ^ D pt^tto 
sn:*n 3 to TO 3T*35 3 * 3 ^ 43 * 3 ^ 3 % fawar 3*C3 33*13 (Synch¬ 
ronous) 1353 3£3T?f TOT 531 3R Tw CTOF ^1133 

<5C3 A vQ B isnfcT Pt^tR STTO^i *3TCR 3£3*T <R3 l 4 ^ 333 3 ^ 
<3F?3 TOT ’fk^sl 5%«I TO f'lf^'S fTO fen*^ TO 5I5.M 
RT333^T A W£?p B 43 RTf^ 5£5 3TC3I TO§5s 3?^ A 
53* B Bfrfsr W^£3 srCTO f353 STC5*r 4^ 3TO 3% TOT TO? 

R1335i^f®r Rf^j 5^5 B TO3 43 T5R fpfW R5T33 

TO I C3C5^§| 5f5<* C*to1t> 3^3 5^5 1w 313353 3TO, R543 RTO 
333 3 S C3 7 37 3C3 RT35 'SI 1333^13 B iRf^ 53 53* A 

§?T?TO f*fW f*R3 TO 1 RsfTC TOT B RT53R 3TO TO f5.3> 
C3£5 3TC3 TRT I 3TO?^ 'SlTvs RTO^t'R §RT 53 s Rl^R B ''Olf^gpvi 
3TO R5133 5£5 3TO I iflt RTIH^fa 533 3VjH3? 1353 SKTOT3 
TOT B C5RRS C 43 fro* RTf3j ^3 <flfaC3 TO 53* TOC^HR C 
Bflfaffo TO5 (&3l*35 TO I 1&3> 5$ SQZJ.W sqfif C 4^ I> 43 
TOTT3 3?*ItoH 5?5? wa 533 I'TC^ 3TC3 5, <R RlTO^t^T D 

43 *3737 '5JT^ 5 3> 53 575£®T 53T D ^?\s3^ TO3 P CSTCt* ^TT^fTO 
53, TO WU?\ ^XTO^fsTO E 3l<R73 RI33 33T5; iTO^ <R3 I 
C 43* D snfa l r^3 3C3T f3TO Sft^f ^ W3 ^fNVTO 3m 
SR31TO I #T B 43< C STTfcT if^3 3R3R d ^3 ^3< RT333^TO 
v®f^ TO 'grlRTs 3T5 TR3 v ^3. TO7RT B ^3^ C 33% f353<:33 
TOT TOR * = d/v 7RT33 SR3TTO 53 I *3*%S 3 r 33C33 
TO 3?33^ S t' ?3TO3 m33 <MCTO (Time Period) tritt 53, 
^I5C35. E 5c3<PaT^t^lc3 RT33 SRI5^ TdC^T*^® ^3 I 

33 S NT33TRT 3^ 3f33lf S i' 1R5C33 3 5X 3T\3 5 ' 3?33^3 TOT TO, 
TOX^f f3C*R 1TO33 TO3T\T3F fecrR»aT»lSl3 TO^% &5 RT33 3315! 
(SRT5: »lV) %3f»r© 53 1 31313^3 *r<f*&5 ^^3 ^ 
3315^3^3 (Current Peak) SR^TTO TO3T^ 3RTO C3TR* RT33- 
9[^tffT <r> , \^^<ti B £5Tt3> C 33^2 3T3T3 333 (^ 1333 TO I RC^s 3TC3 I 
<53 C3C3 5 "TOr3 35 C33 <53\ 513 C«RR^ RT3?:33 3f5*ll35l 3T'Q3T 



mi (i*6) te (/) ^ra ^n?R (/) ^T^vs'c^j 

f?rWR ft^th i 



fra 1.6 

TiKvbjiccis ’rata *f**ukup$ (/) ws\ ^t^r sto 
(J) nf^PoOT t^rcfra i 

(i-7) Fto> w^tt sir w ^n?n1?r 9tf^i%r^T 
^‘'TCSR (Mean Free Path) >j5n^*nf\o^ I $f$% ^ (Kinetic 
Theory) *tT<3?[T ^ ^ X FIC*RT 

(A oo i/p) i ThV^ $N»to k Ficns 

TO to um (froci/p) \ *i<flw *ro <s\k y\-G^<i 
*rej\si o-i fsifsr ft*t cto* 60 ft^ ^\s swif^Tva 

TOC^I TO^FF ^n?RR^ CTO 10 CSffa FTn *i**in 

*f>R?r *iMsi\s 5 tr Fm ?rct?r 

^ TO^F ^IvFI^TfvS Z*Tv C*f*TT m I 

51TRR *RTTO 'Q TO^TO ; $lT c ffw ^fT?R ^TWT 5f^f ^cei^aH'Q <TO> I 

^W'si ^»?r '5rr c iT^<p ^om* i <tr^§ 

^5 C^r ccol/y/m, vsravfi^ 3Wl<M«T (1-7) 

C«JC^ ^SfM mt kocl/^m ; ^n?RR^ ^ ^ TO? \Fffi 

C3*ft TO I TOSrt CTO3 SToIC 3 ? 

toff crof toTr to i fesratsr 

to^spf ^af^ro ctof *htto ^fvs^iciH fas? *nro *fc«r toff 

^ITO T<p^ tf^3f TOPTsT TON ^ISJT^ i£J<P?U? '5T c I“?f TfvC^f 3 T®^JI'o 
3T9 TOT ^5T?T TfsC^I TO® “^fTO, *TH W|«|1 ’WTTO '5TT C T- 



*nrc*Rr 
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f^s ^T?R RRR I <£1^ 5W~*$ *fRRft \s*R *R11RJ 

ftfC^P ^Wlfi *ffa ‘nfexs ^FEPR S£7R WC*KR CRSfRR 

i ^ ^'f^Ric<R rwrsr n«i ^ a^w^fNr r*r 

i£ic^® a*nR^s st^w^R trc^r ^r<t U^'<\ w, w®t ^<t r^i 
$ tsi<i>yfa r^trrw wr 'oT?ft ^reR^qfar rectos 

*R1W ^5WR *I^T R^ ^ ^ w $e*t 

crTSc^ '5fc 9 i , *H^>''D aR 'rTnssr ^rt^s ?r 1 ^rcw^ fR®f s te 

7RR ^l*KG ^RR>lf\s ^(.H<P TR*^ RC«T RR v£R^ CRWRI 9 ff#Ps 
9fftc*r1cTSTsr ^R^ ; 5R?FP Uf*ft 3R I Ra 3R 5R> $C«14!aW ^ 
7R*i1 w^r ^sra srr aa r<ri^ w ^®rrw ^irr rtf£ 
Wl WBrt fra <WT^ R<tR * ^ 7X»ft ^l\5l\5iTx& aR 

^eT 5RR SR1 

RR s NR®t (1-7) wi<$ ^m^fk m rr aiem rr. 

afafsivo RRRR xsT 3R «jy ^SfR^a FR I <£R 7[R?R 

crrit rr w ^ rr^rr®! r%<r rr i vat R>ft«R«r a%a?r 

■^rR RSR '5TRR 'G sm '5f®H[R R£RI fsRI*ll«1 <t<^l ^‘ 5 T^Fr <|5<JT 

^fei | WR 'Q WF R*R ^ WRlf(s> ^TCR 

^s*R WC*R WX] vflRRRSR Rrf faRFffa ^R <TCoT ^R^TR RR7 ^ i 
RR 'SRI ^I^IR-SI R\5 R^FatSR 5TR WtR C3RR> aia RR ^JSa’SR 

^ ^r i vat Rf&ws tac^ ara fc rr^ af<rfer rtcrr 

RCR! ^5RR?F RSR ^fT'8?TT ^jw i 

l. 6: am af^siR? *rcro ^upw srr afu^c 5 ^ w*ftt 

>isft<m (i.2) mx c*ff«r u\ ^aWixs^s, 

^n?R ^n'tR »i^; ^rr ^fW ^r?i (* = 00 ). afvo ^n?r^R 
^■*fWa ^n?R ( n ) ^F 4 ^ 37R ^TR I IW<I fsRTT *i^U 

^RR -SR ^Rf>QfR JRFW 'Q ^f®TRR ;: 5Jl?R^f=T f^‘ 5> f?I S |xs ^WR?F- 

wra fw ^ispr smR 1 k p K Tf^: aw 
^TFF^R 9tf®*|‘fa[v!>l VoI^'CoT x®%^RR tjiil sr;^ ^n?R 2RR 
cr^ ('Ion Current Density) jjr 

/ = (*„+*,) Xnr 

am ^ ^ zws aRsn x=F/^ ^ «tr^. 

W ^nWTR W^nR R\*fTT n — n 0 — 
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’(Mi; 'Q PPER5 *5T^T 


% 


C^\S nTC<J; w®[ *51OT src«fj SJ**T RStlFF ^n?R^ \s?v^J<T 
kc<f> bC=1 *M*J I ^FTC®f^ 


J — (^d~ f~^«) Xti$i — (Ap-j-/c n ) UqC V jd 
^TQff^ J <* V 

^ z*Ks$ ^nrr ot ^i?r zfwz w J fa^-ac5*r v ^ rrir^- 

’irf^s I i£]^ v»TCR (1-3) £ftrf*l% kveR-SOot^ ^5[7?RR 

C*Nfei<T ZSR5R Iwk ^T^ir ^T *n?r I 
to m^r x 5jc*9| ^rr?Ru^f fw ^rrpS 

v£i^ ^n?r©ER ?mz^ win O) +m\ 

x <k**R wsr J ^ ?n?r i to awf src*^ 

kt*re tqtu^ *m rt i 

*mro fgm vsrj afv© crto*^ R^^qik ^mn ^ 

fk> 'ONs^kr ^sjtsir srk c > ic < 7 i c‘''5 i 

rIr \sfe^<r swra ^rt^r v ^ crc^c"® 

v£|?RS ^n*|v©CR ^RJR R'/kk 3 £T<T q \ 5 TOT 4 TO 3 " CTlS ^IRRR 


i = qve = t s = g^Rs 

<33 Z<HU$ ^TRRR 2Rn^ R*^q$ 57TT3 3n?*f WTWT RTR I 

%<3 &5 t^©3 3TO*f ^STTRRR 33TTO '5TRH R57IT ^f©?3¥ 

3^*33 *m*\ $m m srr*n R^nro *3T3T ^trr 

(Ionization by Collision) i ^ 7 pR?#g ‘R 33 vs‘ , f ^ntcTlbRT 

4>^l '5>t'< I 

1. 7: WTTTO *3131 ^TTCR 

©k^^Rra *t Jik Rc*n k»3 snr®^ V ^r, 

toi sn^n x — v/d ^nmR3 ^twtr ^ e > 

\©I3W ©T3 §*13 ©f^ TO33 ^ ^T 3R Xe ^ 

T^rr ^n^ij ^ ^ ^f«i ^t©iR ^^© ^trr cr *tf^ ^gjk 

©ji<j aiwer ^?r 


AW = XeAl 



ancaa afaaifa^T 
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aca 5 !; ^ ^T, ^1T7^r aC«a <£\W\$ 'SIRRa 

aaaa a\TOsa TOT v£lt *TT^a afsRTa \£\v ca*!^ ^C\5 

RTCa Ul CaTUa TOa aaa ^T3 ^*qa ?KTO 5a \s*R f*ao1a 
^ c qa TO Caca 5 v£|^ $C3M>ifo Mbfegsl 5Ca Cac^ aRRI *FCpT 
^«qf£ to ^tto ataars 5 a i &k toShw a^n 5 a 

’q'TaT ^n?R Tqf 5 ^’ (Ionization by Collision) | i£j^\e»IW T§sa!T 
•C^d ^afaa 5 v£|^\ Tj^asWal ^fTTRsqfeT'G ^TRH 

\of\5* C’SRaR a^TCa ^f<Rs (Accelerated) ^tfvoffa ^tfaa 5C\s aiW I 
aaa^T to^i afr Nsrar ^naTa aca®$ afaro *tt$ ^r 
aro aica, toc<^ vsito caR ca^afS RTaia ^rirt ana ^*qw 
a°TO R aiaT ^nafavo TOFs aTCa I <i|^e!Ca m^Z a;as *RTOo3 
WT =q^R *qfa> 5^ «TRTO i$a* CaTG ^a*T RTaa TOIT 

a.a 5^ *qW nrai faroarof m ^nwiR aia Riaa'S'qfcr 
vfcss. ca-RQ ^Wvs afe afaro'S ^s aTCTs ^ a^ncro *aiaT 
^U5^l "STl^R a^Ka a^RT'Sl'G aia I CTO'S ^ aa*S ^a*T 
rt<r ^fe*aia a^a^te ^ca caTR ^naaa aaic^a a;F£ 
aRR, R\*>v£]a fasa-aC'Sa a^Paa ac«a aTO ^I1?RR Sai^ RT<na 
a;pa aia i aaaa tqaia avaR^aa acar ^anr> Ri<r a-^V- 
aa A/ ^na^jqfro ars sq^a:aa aia aaR 5a i cro^ Ra 
p <Ri(^r ^5 a^aa A- arre, Ri*£ia Riaa <i^% ^tsf% *1 % at^ 
Ra w muz i arot Jim *arai Riaa afaia a^m^ 
fdR'oa FTCa C^ft 5R I 

v£i<pf$ ^eq c^ro 5 ^c<n<pa»H lafe ^?f ^nrR-^^r $rt 

Irr^t ac%iiBf^?( afef 5 tr i^o *nn to i ^trr 

anR ac»a *Rarc^ ^ro ^strr ^a^ 

wai ^T'sa i ^ c f(?r aa at 5 ? ^o, \si5ca ^rrspn faac^ aila 

TT 7 0 ■= Xex 0 
Xo — W 0 fXe 

^raf? ^ti*rTl? af? x > x o aa laai a^arca to:^ aica 
acat: caf^ to a^aic^a *tot ^trr ara i 

aala ^ caw wrt ca aia wr ^®qa aT ^nacaa ms 
sq^aa 5 a ^T 5 C®r x ^qa? ^iroa tor aa ^r c q?^a ar ^riaaf^a 
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wi; 'Q wnt* a&a afaw 


©rt ©m^r *rcan© are =tt sam ^iwi e -<*,* ^ i 
©raft e ~ x * x x ifN%*r *ra ©rf©a*i' amia 7^0 

©USHTijS 3T\^T^ qlc^-fl ?!*©TaT©T I ©l*R ©iam> amt© 

©n*Hfi> j A ^asa* am *rcar© are sa i ©ic^a srcar fa^ ^ai© 
w$ a*R aaaa a^rm ?rm©a atar ©rf©sH*© na x a am 

3m, ©ITa ©Ri m\aT©a^ftr aCT> aa*t ©1^ ©ifvsspins *[$[ x 0 

Tftf©*i 3m i *a*$©s ©laa* na ©rf©am arn^ c*rcai^ aataa 
m<arc©a m<arr « = C 1 /^) * ~V X 3m i 

©13 aataa m°aic.©a *aiaT *1 S ©*| ©(l*4Ma >1^H> 3m I ©lari's ©lam 5 
aa ©rf©aa amt© ©ia1r? ©it?r a<ar© *amT <* m^aia* k^\ ©rr 
^ a^r a>ta l ©nam A00 1/p ; ©jefft 1/A=<A (C — jj^<f) t^ai 
tat© w i a^©iri° 

a = Cpe~ GpW °/- Xe (1-8) 

malama C 1 - 8 ) tata* c*far w w 5ia amma *Rta « tass 
ami ©rate 5ia amTt<a aiw aai3 a^a ami aalwrtr 
sstam ©i^ ftmnt-^a m<af© ar^ai am i 


1.8: aa*Na; m<are $rfa© ©namsaa ^ 


£i&o*v 5 (Townsend) ?r^nt©a mwT w ^aft? TKai*© 

amfaa aalan ©r^&© atami #a aaftu a*af© (i-U fe 
warn 3tnre i A B w^fS ©iafi> Irr am^ra ^a^ 

©naar ©rrarcaa atai ©rafta© artai ai^a taca ©rfcaaat aW 

(Ultra Violet Rays) wyif£;$ (Quartz) fafsi% W vgfRIcTia SWT 


fer ©narca ata*r ata A ^tcriw tw ata b antarraa ^ata 
©rcaf©© 3m i A ©mwi^ a^ara mrar aftre npf$a fafai% 
©ia?$ ra$ i a;am asataa %ata a©aa^<a a^r Ra a^r arc^, 


aiwa aar fer ©ifeaaa^ aW aia cac© arra i ©ifeaaRt 
aWa a©ica ^nraT^©=T ca^ cai^T faa% ( 4 - 2 


©Rzs^r g^ai) i faa% 


ftfc^ ©na^ 


^a i ©uc*iic©a TtfCa^ aiam asm ©lar ©n’^H^.ld ana ©m^faa 
a^a a^arc^a 'ami a^©a ©naa-n;^ a^a i ©iwa srcar 
araimas ©rrama^T ^jatai ©la^Nr ©naia ©HRRiwa fwcas 





17 



tRT 1.7 

<w$\ i W i<5^ 
np'fu^ faV>© BfHFTI I A 5 X ^5 ^ "^RIT 
afro itfi i ^<r 3 j*o ^i§r em^, 

*mr t®^ fare <*W *n?r 

IW& I 

^TPIT^T h W '5n<3'G *RTi^R> ^STT?R <3 ^®Ti^s ^C«i<q»a«H 

^C?T l ^I’ShC^'^ 5 tfCfW *R^TH ^I?R C*f c4<jcl 

*KW5 Kj &I ^n?R 

<K<(, tjr||^<p ^STfTR^foT <$>C^ *TT I 'i*! 1*1 <11 ©riT^ W t£)<^<I> ^T^ss>*l 
<fRTCTo WW ^TT?R (t^RP§=T) WTC®* ’flST <* 

"sthr-sj^ t^K 5$c?r; ishtor « TK^mffcr sth (i-5) «gT?rr 

^ i *rw ■^t *ii<p w, wicw<i»>Tt$fT® B x ^r^cs 

^STH n 5f^^J ^I?R dx *w ^T®a»V| <FsTire 7TCTO5?T fM 

rfw Tf^Tp ^t?r-?h;^t \ 

dn — v ol dx 

dn j 

^SJRIT - = Ot (IX 

n 

'^Tom *rra « = 


2 
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^Tnfts© ^ifawFTt <fi*m s©to u?iti>m T zim5% 
ofsw wrt »f© fa^f© fed^fiw^i noil n o 53 , 

$1501 5^ ® = 0 ^ <©^R n=n 0 ^ | A = n 9 *f ro$y 

^ I Sf^^STK 

n — n G e ax a (1.9) 

<vmk c«o d ^f*2i© ^rjiwicvs a?$ msi^> 

nosT 5 ^ 


n d = n 0 e a,i 


( 1 . 10 ) 


>1,©^ OTTj 2f<115 5Ri 

i = n t) ee ad = i 0 e* d (1.11) 

f 50 $ WHI *« 5c^ ©n^riwilw 2015 

(Photoelectric Current) | a 3T^nif&o$ 3®n 5?I 'ijl&TtTfiS 
^«n^’ (Town.send Coefficient) t “CrsTT nMw© ^IIW 

zm&3 5 ra ^ (i ll) erra 50 ? 

sr:*fl wft© pff ^,5j twr w '©f®wr< ^Tik src«fi?r d ^ 
ono (<* < o-<h> c^fa) i d c<y*fr 5 s, nMsr© 
si<i5 ©^ ^ycn'^i?© ^©©n 70 ^"f% ‘'Tin i 

OftlOitf ^RTO ^Wt© ?90 bl&WGi^S *0 ©K?n=T 5?7H CT 
tjf«TNr^ ^C«i<r-aH *35\ *HC^<$ <sn<R, $©«& nOT© ^T?IT si^f 5 ®n?R 
njn? (/3 - spirit) i i£i^ ' 5 R^srfc*i?T T'»T'G(. x s v 5 w ©iT<j© '©<5 010 s 
2RT5 i£)5\ ’ratwf TORT SIWI C^R 

7T«*tf© *fT>GST smi 5fl l 

<5>\^'©g t£l<f>Ti) 9 | s <j^v»i<j *HNT^ ©TRR <3 'SWRO'T ^*1^1 

tor to noi© *n£, to swr^s ^i;< *rc:«^ *fa 

^ I 7t 5 7f*eT5f ^ 

^iT^© *i?®3 ©)?© ©i*n c^fc?r ^iiC41 *tri *fot ©y®^ 

ms Me^sr 57 $ no =ni 05 mm M^r 

^<lt© 5C5T *J©i>l “ffo Sfc^i'Srd $T n?R?Tf^ - ^T© 5^f 'STRRf^RF 

^8 * 1 % 57 © 501 a^$nc^ ^^rr© ; ®n?FR ^tc$ 

^Vf£ ^5&r lOWN *1% <$m aRfWR, ^TRIOT CW 
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vsTl^f *1^5 iTw 5^4 C^ K ( S |‘ *ff&‘4 2JC41®R I ^45 tRI4I4 

^ 4^44 feeT45&R4 ^ffRRT W 44 3<34T4 *[4*f4 
W?TT4 3TTO54 WX] ^I4T §C=T#44^foT 4ICWT ^JR4 44 *rf% 
>&r«Ml 4C4I 410&?3 W3I4 *TWtf54 4141 ^51BR 

ST14 34 4T <Jo1(.<?R 5M | 

p-zfmu ^§4 iflt ^4 n f<i4i4 wrj *it4 ^ i£i4fS 

4^54 sifer <^*rt 41:441 v<iw 4 ri 34 y-sfen i ^ 4?®4 

afosiui *RT4i4 *ni4 ^4 *rc«4 *rc4iE©4 3i4T 

4^4 ^4144 4;K 4C4 STTI f4 5 Sg \cT4T 4iTWfl5 4$% 3C3 

vsi4 fsoi \57?r §*iT*\sci c«r;<p ^cwi'^an f44% 34 i 

'&|T\sC 444 5 I’ 4f“4 4^’4 4JICSJT® H<C4 1 r^ 1% ^C°1<^a*4^T®1?[ 

4?4TT4 4Z*4 v£i:w ^?^JTT IQS 3'34T4 W "o ?K*mft>4 4T4 4T4%S 
^44 ress 313 1 sir 44t 4i4 t3 <£i4fi> 441W ^n?R 4JT£3T^ rc 4 
7 4*414 -^'4^ fasi% 44 £vs 4TC4 1 

44^444 (1.10) fjktf R*n 414 £4 4^ 4)TC4HS C3C4 n o 

f44% 34 W '^UCRICvb' 4?4^% &5I4&43 4*44 « 0 f " d 34 ' 
4TC'5?^ R"3TC\s3 W H S N©4 3C<4<Paoi<l 4*44 n o{e' xd — 1)34 I 

*44^2 4414 4*414 *141414 ; STI?R'Q f^O 4HC4IW* 4£15 I <i)4T 
4>TC41'5 C4C4 «o^(“ d -l) 4*414 ^44#4 &W* 4C3 I W 4Fr4 
W4i ^nn?ro 4*4^5 4*44 « 0 'Vte ad -i )^ ad 341 

41^^ 4*4FS!> 3T4T 4^>4 'SfRR-^STCcR 4*44 34 

n e y(e ad -l) (<>“'*- 1) = n„y(e a£, -l) 2 
i$C?4 3WJ W3I4 4n3BT 44C41S5 W4fro\5 3E4 4^ 

4£4 $3*l4!a4 4C3. 414 4*44« 0 K 8 ^“ d - U 2 34l 441 ^^11414 

4TOnC54 fe4 4T4T4 RSR 7Q^ tq^ ^144 ^*{5T 4C4 I ifl^^f 
2ftol4 414 414 ^44T4^S4 SReT ^4C»TC4 ^ilWISb’ Rn^I^s 
fe®R»§W4 C4T^ W 34 

n, = n 0 ^“ d [ 1-f-y (c ad — 1) ' 4 -y 3 (<? a<i —l)*-f- .**. . ] 

m »°<i 

1 —*lf (e“ d — 1) 
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aaaw; >3 afca aiara 


*rcwia card aai5 5 a 

,C(i 




l o e 


(M2) 


l- 1 (e“ d -l) 

a^a*a i 0 ^ ^nwnassif^a aar5 i 

(1-12) <3 aaWi^ar oWa ac*fi Wlfo ♦JI'QST ^TRT l 
wWaa (i-i 2 ) caw* tw ara ta Raraaos >Ao>>i 5 a; 
afe*a a^ia^a feaia aT^w ^aRT aarc^a 

afafao rtc (F.'nai) >sna=R aai5 ca*rt 5 a i 

^rafc *rcvHi\®ij arai ^TasR ^af^sa ®ri ^la'H aar^ aiaiaa 5 *tr 

[*w afaaTCa aMrfq% (Amplified) 5a I 

1.9: tamaa fcsaf^ 


>wt4aa (! • i 2 ) zqu$ are aarcsa aR spfla ^ ara at? 
l_y ( e «d _!) — () ^ asrfsf ^sftSTOia *f^T>a aWR 53 

d — d 8 — - In —;p (1 13) 

v£)$ wra of^aia SIWT >sf^ s^foT^^ (Spark; 

53 i ofv^aia w^sa awia aiaaR ^ afr $a*rs aw aia (^«p 
s^a4 caea) w ^ — d H asaaRR ^iwa Rear vsfig* 3 3^<a 
53 I RftaR'T (1 • 18) Wft4 v£lt Vjr^? d, aT'Q?TT 313 l 

a<fh5ra *awT waT ara ca afa *maa sre v « ofv^Ria a^ihr 
araaR d 3^T4 tawr oiwa acaaaa faoa am ^ s^prs aw aia 
OT 5 WT )' aaa str (*^fffR?r faoa) ^iw &5&oa 

53 o*r^ f=r^ ^a*r 53 i 

wra ^ g^T4 eata faMa> sire ^f^aia *r^£a araaR afrr 
4a i h 53, 'oi^ca d a^a ^laTTj str 'srwwr aR 53, 

oaat *^fwr war wa i 

^aa aw v ^d g^> arawr ofeaia a^t>a w.*n “a ^a^r 
^a afc maa sre v ^a^ ?af¥a> str ^w a*a a^ar 5 a 1 ^ca 
5 Ta afa a^ 4csi aia 5 = 5 ^^ a^cw ^asa 5 a R t 

v3ww ta^a-am ^rfaa ^ 5 ^ ^a^: >4^"^ ^a^ 5 a 1 
(i • 8) ta ^ Mon of^^^ara araaiwr v 4j^“^T-faoa 'Q m^ra 
Bi^aa wrafsa wara 5 iarwi fea w war aia w Ra aRiwr 



’HTC’Rr ‘’italfWI 
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3 

a 



faff 1 .S 

>V>,Tel^ v£|<f° ^ 1 ^ CSPlfra I 'G d- 

^ kfasf \sT^*<n?r i 

1 * tfw *$(&, ^ kR erc*^ uwm p v« ^far 

c*rc?[ ^ to& to *n?f i kfkk 5icr v * snsr kR^ 

^ I d <l\ij|C<r| v£lt kfak> m.*® STH ^5f ^5fl 5Tn *m.v\ ^!?R- 
rfm SJ^pPfSf <jicvb» I ■^TC'5f?t kR \sT'45^^C5'G 

^?R^kr *v?i<j >rm^r wi *R:s[k *rk 

531, ^RT ¥C«T ^sl<IT ^RTT M«kH ^snTT^T 

*nc?r i ot*[ w k»c^ str c^r ^csr \st 

c^tt ?n?n sm ^ c*ib*t *rs? *np*w v£j\s tfW 5?r <R ^tt?r- 
^fef to ffTic^< tow ^ ^sr *rar 1 ^ic®?t ^F,ik^- 
k®?f *rt«fk r $c°i «s s ^h 'Strr ^qkki > *p,J«i\5f 
^oMi\»i« ms 1 ^ kR 3 ^kr^ 

W 5TO *1RT *n?T, ^5T RWT 3RTT >!*■'»< I 

1. 10: ^»(PR[ vqs 

^ ^!J ^R^ITC?» ^T«i\9T T<^<| 1”.-! OTS ^rnCTRT 'G 
^Rr*fR?RT 9n;«w®r (pd a ) ?rc*mk?r &*pf$ *nf«riw ^cw (Pune- 
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tion) i F, = F(pd„) ^ | toTO *toT vr&R 

$WFTO CT ^ «ITCffflfbvo' TOCS TO C«R^ TOITO 
(Paschen’s Law) ^T TO I 

^ralrof ( 1 - 8 ; c«ic^ to<tt wfa c?r «/p to§ x/p *K*rnffer 

«r:w; *wfrc <*/P — KX/V) I W (I ■ IS) ^vjt^WsT 
7 WTjrffrG (XIP) TO*T 43*f$ «RW TO=? 

^TR:<2TF5-TO' TO^fcT 4&®i<»a*l v5W=i <F3C3 ^T W* 3R3 

^I?R 'Sjfspc *T%3 43° WCSTTvS-ssCTO £PfT\s3 ^13 I 

^13^3 *^3l<T Stf;3T "STTO 3*$% *f% TO§ Xek qo X/p; 

<f>IC'6?^ TOT ^RTT TO C3 W5 2iT3=TF X i£)^ ‘JH'RTO 5T*f p 43 

y 43< <* *rc*rn 1w3*fto^T ?ra3;*ft to i tor 
4$ to m m?T3 tot 43*f *w «i3*3(7® 

TOTCTO S3, « TO ^‘TO'S ^3 i 4^: 

C*TCTO ?T<3TT3 TO 1A ^1 TO3n^ 7 4^ C*fC3l¥ 3lf*T3 &33 
f^'»%*( s Nr rt i TOwt to3t fsrw *nfa r — y(X/p) i tosr 
Tjsfhm (1-13) W.*F 'SITOT *T$ (C3C^® V ' <1)» 

, _ 1 1 1 _ 1 . I 

p S f(A/P) n g{k/p) J{VJpd s ) n f:(Vjpd„) 

43 C3C3^ CTOT TO C3 **F^R1T f3TO F 8 (M.) 
topto i v, ( V d 8 ) Tfo^j nr^rfw *tic*kr3 

(Paschen’s Law) ^cfj ^ l 

totto kjm c^tfro 3 tt3tt to to i C3<^§ ?mc33 

FT*f V 43*3* TOTO 3®TO TOT ^3 ?K3JT v TO TO^^nfTO, 
TO43 pd„ «vrf« EW to l Tsfe^TO *r^$3 TOT 3®3H S(PT 
«r®i^i wTt> v ^« TO^rnf&?r >fro;^ffTO i 

5TC*f) TOTO 3T^ 1£|^ m f^»<r tIZWTf 4$ trim 

^t"*T C‘ 5 im 'vU5% ^Jels^T >1^11 ^<T 'vdI^T v5m?C^^. W h T‘j^ 

TOT ^©TO TOT ^[*1^ ^'TO TO, 

(pd g ) ^^nrt$?r to i 

^■fif i£)^f§ ThV^ VsTvb^Ml^ iC«T T<J?'®tJ 15TC^f ^^ToIn^T f<T®^ 

v. ^TRT erz^, vi/TTOT TO*TWI<T KJM >tl^lWI TO CTO^ W 

TO*fTR W CTO 5TCn, vfl?T TO *TT'G?U C^ TOT I 
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^®Tf wc'o ‘^itri c*r T'iTt^u 51^ pi <3 

vsTs^^w ^n^n«r di to ^Tcin^t ^ v s , 

'SRT w CTO Fm Va = np ! i£|<rc ^H^TR da = <kjn 43 

r/'FHT'Q *5p^T<9f (1*®) te TO^pfS WvsST 


2000 

§ 

& 1000 



far 1.9 

<5 TR? f RR3 KJE3 CSTOfaffVf I 

CTO (pd 8 ) T^wfal *RC*T V * CTO? 

SCTO I #r *mc*ra ^R*$fT (Stale) tg^faj- *£TO T/ * <3 (V d s) sp* 

sw.^oi 1 tracer ^ to »tot Wife 33 , 

oi^csi imcro ^ to 1 to •miro TOr^r 

^ ^cera <n$c<T enc^, **f^ 5 r*i to w, 1 w 

f<"v»<f Sf^oC? ^,1=1°^ *(T'G?IT ‘ 5 ’TO '5T fa^flfavs 

i£)?t C®T*lfad< f»T*Ro5T T<H*it^ u <[^l I ^ FTC" 9 ! ^TTC^TCH^ 

<Pi<T<p-?n ^?T *TT I 

3. 11: csn^R^RT 2J 

TO SofvFWIMtf TOJ fro* ^ ^ w 

stciWf w fa^r fe sd^-wm 

OTcf (Standard) % &]£*( 5TC<J ^ M ’SPITO^' 

&*sr«ci srro tor to®! to i *kc?t men Fi>nfi> *fi£r 
to *n fropRC'R to *r®f c*n*n *n?r 1 ^c^ w ^ 
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wq >8 cw* *63 *ifau3 


£3733 (Spark Discharge) i TiTWfvsS 333 *f^3 

313313 ^I<PI3 3T 3JI'C>I4 ^pl3I3 <&lk 53 <33* £1315 SflflI 

3f5*3 C31W3 315TC3I 3I3T 53 WT 43* <3^513 C3C3 

^5Rjf£ *(3% T<v^\s 'Sr |V©1?f ^E[fWf W3T 3131 3313 

csrw«f 337 ^5ft<pr<T<M *rcr 3C3 rst i * 37^*1 ^ c F3i3l' 531 

m33 W.W 313 313 C3 U fer ^*15T 53, ^T3I 

T3fer *33 «JT3 I 

3f«f ^ ^%<?*37r33 3T33TC33 <§*1313 IsTCW ^^f$3 333 (&\$ 
53, V515C5T Hp^j^R9I £31^*1 3^ 5313 ^Tfl3 ^fCWT^s 33 
^hI 3 <33 £13*13 C3T^3 £W 373 l 3;3;«T 3T 33W3 *(T3T- 

£1*11313 ^l^v© f3f*T3> <£13* M C3W (Luminous 

D’scharge) 3113 W*f3> \ofipW13 WC3* fawjQf *pfao 
OT3T 313 I 3fr ^5^^313^ 3^oT £T13s T3?*T*£ Wr.*^3 
3* 9 W 53, r 3T57:=T 3T3 3^T £f:^s ZW<$ 337*1 3T *fl31-£f*Tl*!13 
5T(^f\5 W*t^ ^^9313 Ft3T 313 1 4C3* 373 '3^*1 

esr^cT’ (Brush Discharge) i \5%<S*3i3n> 33; \5I3 

53. 515 C 3 ThV £ T> 33 3ft's > f5FT \3bb'NS<l 1353 £K3ffl 331=3 

Ss3f&3 £3*$3 3C3 ^3 3333 tfY*3Sri3 731^*1 W3T 313; <£I3 313 
‘ <*7 3 13 1 C3T^F3’ ('Corona Discharge) i ^f^*3nrf& 331313 5^ 
C^^ff 3T3T3 C T3'2 (Continuous) ^ i 'oP5 < ^33 < ll> 

331313 57=7 35T 3^ fas® OT3T 3131 375^1 £UC*^"3 

<PHW 31 33; <57733 3*T75 \5f®W*FZr 3^3 &5 5'G3T3 '5R1 vfl^ 333 
5C3 3TC3 I 3^*1 3T 373131 £33^3 C3 fa'oM W37 313. *3»Jai*?f 
C3I^3 37333^? <373 7K3 ^W<P ^es3 ?3»73 FT31 3131 T^*'# 
^%^«313 3^3 31:33 3733 \31OT3 3JI3TC33 ^7313 *17T C3*ft 31 
^TcT «TC3^ 333 373137 *1^ 5^313 3^3 3?73^ ^T<3?i:33 3^ 
^3 I &5 f<\»3 t3 I fl^53 J *rf^3 ^335:33 £3>fi£ ^C3T3T 

^31^:33 373^f C3*rtl 313133^2 '3f33I53 5 ^sT3 C3(^ <3^33*3 
C5TP^:«13 ?R®T *l%^3 53 I *lT^3 33133 ®r3T “3133153 ^513 
Tpfvft ^®t< 7 M*l*I> 331 53, 3TC^ ^3 ^3f3 ^13 3113 3^1 

33 37 53 l VsU33 3C313 W^'Q 3C«[^ C3*1 S 1' 313T 53 I 

3C313T £3^33 3 i< 5 l f < 3 mUH 33T 53 ‘*TT$*TT3-37T13’ 3^3333 
(Geiger-Miiller Counter) ^ 133 ? < 43 * 2T3T3 3*3 T*W"fc®l3 317WI 



4jTFRT '3%<! 


$5 

4i*IC4j *f?W 4*a^ ^(.oi4a^, 'SfRH a^c 4 ^141 
faw'*T 44T (Detect) ^ v£|fft4 Tf^fn 44 f >|»>\»< i 

fs'sRFsT ^ppjTVva TOW14 4*754 %^Q9 l i£|77r4 

^Ffa 6 ^ -uca n<m afawsw m®nf&^ 3X4 i 

BTC*f W? S 4 T 3;-444 (Current Density) ^ 5 ^- 

*Rm«f4 34 ^TC vsTC4 <f«TT 34 , #C5!Tf t f (Arc Dis¬ 
charge) | vflCW W *TC5T ^v^414 ^ Sfcre 

3*4 44 1 ^t*7F4 to f4©4 ae^rG ^ 44 4TC4 i 444 X <$rt 

a^fu si 4* UWv sjf^sra <jj<i$j4 4*4 <?i^tc>i4 sr*n cat 

444 C i ll*4 c T 4j b l> 441 414 I '5*1414 44 n 4*^®ll4 5ia 4*a?f aT4f 
41*7*14 TO'S 441 4141 v£)CTO* 

%*m 44*4^ *4T7T .71 tr S fr94H *41^4 ?7fST 414 ^14 Sf^T ^ 
^;*T 34 I 414 4-^n-V WT0 &l ayfe <7*F.5 134T*4 

4143'® 34 I 



**tfelCE^T 1 

*ipb c»rw; intfiw-ahr« «fliw afa 


2. 1: k ^ oic’t 9hiFRr TO M 

wr oti c«i« w ^ ^f^ro? to V ^ 

fro raro <^i 5$, sro to i 

v5fl?TR^ ^s^'TW ?f)tf ^T 5T1C¥ xol^CcT'Q 

w*n m i mro sia w ^ ^ i 

4$ w wTfw? wm cwi *n?, to a#s ma* sm 

af^WTO 5RW 3 ? i 

fro? <fa% ^ralw Tf^ic^n wrro? % a#® afewo'R 
*pftror M^rrai at? 50 ifNf 4?* 3 kW 

v£l^ A TO? *r£ 2TC‘^ *f^ 5T?fej SHOT'S M*W Sfl'S? 
vsfv^ 5 ?;? *ffa (Seal; to < 4 ^ ?nc^ I nf^TO? >lliTO 
TO? ts^TO $T>iOT ^ *TOT TO ?i? (8* 1 



fwr 2.1 

T»MblG*f TO*J? TO Vafvg* CTO 5 ? ^fl 


fss h^)i ^%«: B ?!? w^fo? 5 &$*$ ^rrc^r f*Wt 5n?e?r 

(Induction Coil) ^5?i% >snf^-£ (Secondary Coil) 

*r£ SfTiTvs? *KWT ?fer t<w TO <©TOT TO TO^ v®3 
C©l?i> fro ra OCTO ^T 3? I 
TO? fefc’HW 5T? TO v£l^ C^fsrfe (Hg) ^c-ro ^ ^ 
^R TO? TO TO Safs^T? CTO TOR Ssf^'TO *(?% fav^Vff 












.P 


(V] 

rvj 

lei 

LO 


T 



t 



5T:*f FTTO*!?! 2f^ ] 




*rc*T5 ws’spt; ifa* 
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*^f«T^ (^park) t \^ CW *TR I R\t?f *R£9f 51j*tfl> *f#R 

sr® *F*re ctrt *tri <$$$?[ ^ c p«n?rt ^^vn-^v^i 
^hmr ‘^Co «nc^ i r*t rrg str °*5 fafsr (Hg) 
wm *«rrc1 mc$ «n«* ^ *rc®R a^i^a nf#s% ^s \ 

4% ?m %&&& (Buzzings 5f^ *pjf C*rRi *TR I 5K*fR 

<n\bl(l>l ?rf$sn\» CWft <TC\&3 fffiOTR W'l (Luminous 
Discharge) *fpw -f^s ^ ^flCSlTvS m< ^VRR'C^T 2fR 

*wsi ^c<i ?re«t i ^ rrt'SRR 

^n 53 ■*rcnrc s *5*5’ (Positive Column; i ^nt*nff5?l 
*w afs^R **nR 'rTr^ tw *tr r \ Ric*fi<KVi 
‘*FiBTIC© WH R*BcT’ (Faraday Dark Spare; sqsfy ^ i 
3RWIC®* -5TTQ RR ^ ’RS’t *ri<JPR ^ *«1R mT 

RR I ^eTr ‘^«rr^ Tt%’ (Negative Glow; I <j 

^*il^l<P 5^*0 RIiR 1 ' ‘RiRIWs R'WR I 

4?r *r stc^ir sra rrr sir ^t ^ rrirf* 

wifi*} RTE5JlC : 4R vs=t CRC^P ^CR ^jlCdlC^ Irr* ^ 

♦ 

va^ rttcrfs 'Q rorrivsr rrirkr rrw ^ 

3[?T, RR RR ^PRTO ’STOcT’ (Crookes Dark Space) i 

^^prr ^«m5 *rcsro *rfe *rhcr ^n sr ‘^nc^rr® ffi's’ 

(Cathode Glow) i ^ tr nfsR's'RR Rtf?f MwT *f1f$- 

RR *RTR R«f af<H^ ^R1 

5T^f 0 • 1 fsrfsr (Hg) ?jftf ^T, \sT ^?T *RTW 

m<?*t nf<RR rrlmR foes ^csr rr \ vflc 1 ^ st<t- 

■^vo^ ^BcTTt^foT I TjST 5 ^ *Ml s 3J < l i SRI*ff ^o^p- 

CvSRT (Striations) ^ sr^( ^ l (^-2; fcr 

MvSTfcf JEffR fwWl? Q^fvs ^ ?f^5T ^5T 

CT*TR ^?R^I 

#r 'STR'Q ^rr ^n?r (p < 0-1 Msr Hg), ^r^r 
SyfTT ^‘WRT R^ffT 3R*TS T<l*^\o ^C?T ^RST *Q\~ ^E?f C¥C«T I 
ns^r wr^ sE*n rr ^i ^ w rtrri^ « 

^]E«rTC^ SRFFa 3 ! ^ C^T«f ^ R*ft ^T ^TR 

=EoR SWT fer 'oTv&^-(RW c T 5?n <$$ R^IW ^T5 

iftoR (Tf7 rcf^i ^ SRPR R^oTlvs? ^ ^FQ^FFB 517^ SffvoSTo wTfl? 





£8 

*ri?n *rs ^i^rar ^ CTr^rr frore 

W CQ^ *W& WWI® C^IC^ 2RFR ^nfs^c ^®F$T 

^C?I WilCHlC®3 ^?*TCR <£R\ <PTW^oT^ f®®£?R $flCff WPrf®® 3[?f I 
^T 4lbHC*R VtS ZW& ^1*n® ^T ?R^FFs srfxsSTo 
UWw (Fluorescent Radiation) ^ I ;$Tn:«n® Z?Ks? 

fa?t% i£|§ ^f«TO ‘^nt^fT® <rW’ (Cathode Rays) 5^ 

WI 5?M 

2 . 2 : oti^«i ^«n * 17 $ snfoi^hr ^i?n 

rsrw w&n src*n kfer M®sr ^nfer 

*ptc*t <nr*nT ^r sfsrw f®®c<T ^itr® *b ^TCm®~« 
SRRo'i' *S[TR fa®C<<J f<p\sl'<J (Potential Distribution) ^ 

?RR ^T ®T $rR7 SOT^R I (2-3) tnrf*t% *T<fNFT W5T? RT<TT 
^f$»T T^nSshI &PR (j. j. Thomson) ^ f^T 



fbff 2.3 

r.sW 5 ! sjc»R 1 Sfc*fl ^fehC^ ®R1 

&PR ^wf^s *f<lHT I 
% 

f^l? TORI EF ^ fro ^5 

csn^®! ^ i v«ft ^ sraw wc«n® C c«krs fa?t% ^jtcstt® 





9 tnc , ra »n:*n CTw*f; ^ «t«s( 
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D '©dlG'llOi** SR:*fiTO v£J^f£ *Q% 7i s ^f fe ^ S^cff csn^ 6 ! 
^ FQ t93 SOJ £0*1 TO' I CTppf 7\v\ Pf-f£ *KC*( W^~ 

*©0 ^ SfO I FQ ^cT<r W.*tt ^Rfaflo A <3 B Pf^f£ \dWRIW 
oTUf^ ^H^TR i£R< fossC^ 5TO ^tot^a C?!^ ^RSf 

ftf^P WCT ¥R ^T \5R fw CTO* ^IR fifC^ 7RTR *TRII A >q 
B \©T\bWi^ SfW^T S «TRR^ 9lJlC>l3 E»m nOO 

H ^sii *n?r <£R® 5n;*jr T<'»< SRes^ tR^TN ^sn ^ 1 
EF fansfha FQ ^ffRT *KC$f RR S*Fo =^T G1I 
^ m&, *TRt ^r^RT 2fOo sftcSTa *flfT (Fluorescent 

Screen; S <Ti*n <*fOF I A ^ B ^ 5 ^ <P^O<l srcin c#f 
ac«*f 2S*Q$ *TT ^C8T D W,RT£5<T fe fer fa*n% «® <fpR S 
nTT3 SR'.’nttfT ^nf^o 30 v£)^t^ tffesr© ^lC«n^ fa 5 *^ 

4M I A <q B \s?\b < ^T3' 3^*0 U^< SFs*f 

2fc?iT^ w 53 , w*rf ^n<R<n^ <tf>R^f<^ 

«ra tojto ssf^csRr nra ^n 'ot^roa 

2 RaO ^ ?Ra<rj n*f CTO* kp® 30 s *Ft% ^sno ^5TRT ^Tinto 

3?I I afssSPo to^vs A « B \of\^*?ri?PTOiT TOJ 

cwr fro tokitc #R^foT rct *n?r **no<t ^fr^ror-arecTi 
(Intensity) fa«fa ?rw I 4*R A <3 B \sf\^*j ^ra 

STOITO <RT*tH ^af?BlT'o''® OO 3R*TS ?lf<0 fro C^T, 3jnO 
*tfa% *ftifr>tv» 'oTC t f3 5 K*n M^' v mCT ^fe^TOT-STFfeTI 
^ no 1 (2-4) to ^ sr?o ^ U\^ 

srcn E wii ( 2 4^ ^ir 

cw o !?cph ito?[ o-5 fsrfsr (Hg) tor^ w:n, 

f^©<[ n*HRoS c ^SjK«ntv5^ 

^*13M ^ «rO^I nT«vo^4 ^TK^mS-nro (Cathode Fall) 

wi ^?r 1 w <3 «n^<T sn^ra 1 

^iTc^-mvo s^ 5 ^ i csrw ^n; ®rt 

3>;'^>l” ^eT C«fC^ ^1'IWTOT fep x$m, ^ 

*fe nf?Rt^% 5TT1 wc^$ C^Zr-aKC5T5<I sir 
nf^sto Th^ to, 

^<gc^r C^l-enw E »«0 ^ ^ SfKR 9fR^, *0 K^ TO ^TBTI *F5 



30 





Distance from Anode 
P =05mm 



Distance from Anode 
p = 0 imm 

f5ff 2.4 


sn:*n ^ofs^csro f^fe sn^rfro \ 

\gfara ^T>e?n *n?r E *rnr ^ ®rcr 

stj<pp *n?t i 

Wy\ *J*R *RT^ ^vst*^ 5JWi Cvbl^ris (Striations) 

^ r i f W ra 5?r, fw,^r?r whss «^<t> >c ^p*pri 

Sftf> «n^ (2-4 H^l)l ^G^cti '©wiC'iiGvbst f^C^F 

ro^T C^TC^T, £\5T<TT ^T ^PBE*T fw:^I SfR W^f 
%uo qikq, ^>q v£i^ *iTsr<No*rR?j mi <w ^ i 
5^ gr^- ^TOOT 2WCT ^ 33, *K3f 57^ I SSHT- 

3PT^f ^<BC5T TOJ-XTRf^n? STH ^^TSTircsi STR7FI 

wpsp®! HC=T3 5JC*ft u^4 ^TsWw^ C«n^ ^flfOTR C^Jl'^'T 

=»^i ra mc§ <?tr7f sdt c^iwt i wc^rr© t«rc^ fas 7 ^ 

sft vnfrs * ^rar ^sn*R (Ionization by Collision) sf y$5i 

v£lt m«RT csn^ef blfff^o W SRI 31?ft I WWI 

♦jfSfJfJJ W*fR ^T'Od^l ^313 >MS9 





sfwt pwt; >s iptrrs 


31 


SrRJ £n>^f *lf$ I 5FC«T WI ^«I^f Rrs^f 

TO 2Jra 3£®T '©l^T ^ITR-R^ R^> ^src^ ^fTR I i£l^\»ic< -5^ 
^rrcri* sic*n *jrrr5 ^thr?^ ^ncfjrrc^ ^*r 5 x $ r^sr 

4R ^Ce1^a»i fRSR^ I tV||***[ Flf^R RTRC\*j 3^ Sf?\J>T(> *RI^R> 
'OllSIG'R SR] ^jTC^fTvS C®JR> '5R5esg i£1<pT& R>R R^R ^(.ol^aR 

fR?|% 3£G?[T SOlSH I 

?<fe? tfmm aw wcrr w.*n 

^f^TTci^N (Mobility; <Fjira]\5 C^KR E^> 

; 5TRR I q^oR *RRR ^RR?qTR 4*0 of\5Tolf® R*l1 vflfso 

wc^o m<R rt v£i^ wsttcssi te rrr v*j^f6 «hrt$ *sir??r 55 o<t 

>1,K ^>R I *K<R ^NR* WITO <3 \*TR *5JcR Vf,c<j 'i^I’Ro *RRR 
«n?R^D^ sr m *r?*r $7$ vtfrj ^ ^<qth 

C'^A-SHRC.ciR RR vScfc SR I v£j^<j“‘*t \Sct> *oI\b^C**K£l^ Rt*fl *1% 
^R ^c?f ^ffT^R^f®T W ^<$<a 4CT 9fllR ^%~ 

RR^R* R\RTFo<t ‘gRT ^lAo ^RI (Excited) <&$ 4PK 

?R£SRT *1?$0r 5G& *135 I m^fcl ^RR R*R OTT< 

^i'»iT<i^ 'Sr^str *Nfr ^ioi o - ^ oior srt wtr ^iorr 1 trsrto 
53 (3-5 OR^W W&n) I 4§ RRt*# W3IR *r1fea ^?N 

3yF7r fa^fo **ReoS ^RSiR^fcR ■jf® R^TtfR 

(Mean Free Path) gfR RRR 3R I <J^„?r ‘SRRR ^j<8®T RR 3RR 
*R *iT^OR ^.W^aR^fel 'QUK.RlC.'iR fwc4> 'NR'Q ^5PR 5RR R3R 
RC*9f R^sR R*R *1% ^TgfR I WWKOS *$P*PFR 4$«>1R 

RR 5X3 RRR *!>R tCc^R*?^ ^TRR ; 

*qR<n?f st'TR ^ c r; < ?qfoR ^r:*^ r^viiino^ w ^rt irrJ«tc<f 
Rno ^rRfRR RT ^C'SfsfvD \£1^ fRCSRT *ffelR 57R ‘ P R?51 
terafefVo WFP '5TRR RR ^)(WI<F fRsR^c I 

<£lib»IC'< *1RM^ »\ 5 >-\!j (Positive Column) ^ I iRRT^ 

R*TT 1w RIRR RR^I ^.®T<MjR^fsT RWiwR 
‘"R^R RTOT *Tfe v£1Rn ^TRR R^5R *1% ^S?'r ^1 

?R ?R WBOT ^RT TOIOT ^RT ^5%R ^T 'oirTR'd' 

^RR *f% 5W ?7it ^l!'=llT<P\s ; ^IP^'oT R RR 

RRT *T% ^5^1 ^ fR^ ^eT^t^f ^IC=1!<P^R ^R' 
vfl ^\plC< tRRR sptf] W>RR (S’triations) 5R I 
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* ws* *ifoRr 


2.3: «*sjtW5 

^TSBTT SITC^ W S*TC OTW*r TOTS TOJ 5TS ^ S 5 ^ S^ST 

SS (P<°' 1 fafa), WT * 5 T*WS «TO®r ^Tl 5 c 4 afSSiT^ 
to ^ ^ ^v«n?i smcms ctof <$*$ aro g^©q% ^*pn 

fa*t% TO <JITCS> TO W 5S TOSfTvS sW (Cathode Rays) | 
?FTTC$rr© <rf*5( fro fsp'T^PsTtS TOW TO^T fa?R (Jj. Thomson) | 
TvoTh (JFSH CS <3 ST SSCmS' STOP 1s$l% TOT ^cICS^TT *TOf ^Tsa^H 

to i sf? asfc Mro * tort tot sm:<*ncv5S fsnsfe 
fro aiwss stst «ncs, \sitot to tots ms afo- 
s*asfi>s ^ist (2-5 fss 5 ^st)i v£i3 cto* twiro 



1m 2.5 

mf® sf**RT ^tstost *rfi© wi 

O’ sterns t^rcs fas^ <i>iic$ri'5 <j^<j ?ito- 
aw ^sriro c srfwscss wm fsas 5 !^ 
ta sforo TOire i 


s;s cs sttcstvs ?tstost aw afsssrs to i sfr to^t 

(Concave) ^jTOTS TO SST \5YTOT TO«ffi5 sW^T^T 

c^TTO-fro^ facs Mro ^si ^ w^pr-fa^ao sfr 
csti> i^wr arson trnffcnro ars snt ss \sttot stotts 
sfafS ^TTO TOT t^SST^ &Sa TO ^TSCTO a^ TO <*$ I 
iss caca* asrTfos t^s cs sircar® 1 sircarsTTOra ^T^acM 

Ulfc ^S, v3S* 4ST ^ &5 »rf¥ ^TCaST 5SI <£K?f<T WTa- 

*rfro ?r;apvsfe to wiftwicus arwffos to i 

STOTT® afalS &SS 'Q 0>'1*SS CTOS faST as'CS’SS 




’HTC’rar *rc*n pnfi; 3f**i >® «fsmr^ *f**r 
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<hm Pr^fi *rrar w ^s?r ctorj a'©iw§, 
sstot ewra zwm Ub\^z> i ^ zw<$ tssvrr?efo 531 m ^•n^f 
^ £RSR ^nf^so ^fw 1 3jfv5^c^ <£\^K ZWt^ £3R?RT £T»RR 
f<lt>i 1 J'©<l 1w «TO .4^d«1 £<WI 

I 

^lk.®n ^5 fac*R ^©^Jl^r H?RR 

5£?f 2lfo3©> (Fluorescent) ^ 

SflrfftRi R 1 ?TRI§\ 5 , tf*®R[ >il^¥l ^5 (ZnS) I f^»R tR^cR 

^ti> cef^'Q sp©tcr srfeji© fa?t% 5311 

fer*r 5X3R^ c*r sri^ w ^rre sr^r^ 

RT ^R^SfT© fa?[% 53 f I 

#r c^r ^*ri ^rIw 5 X®r, \sr ^*i<t rc'pt 

53M (2*«> fei 5p)TCTO <lW<T 5I*f W^f. 



WS*JT\5 <rf*5f<f RR W5T ‘ 5 1*fam c f<T W 1 

m*f&m sri t43F?S srer c*nr 5X^ i <£&$> r% mzm ww ^t£ 
*a^ 5PFT «ITC^ *TRT Wi\ <FWn^T 5'M^'I ^ WI<F 
STRR* I ^ CSffiST ^RPiRM C3C«?1<I (Rail) 

iS*Rr f«fcsr ^ sip© csrc^ ^ri sips ^rfec?r mvs 

*nra1 siwi ^tTn^R 5r*f ^ Thm»iiw 531, ^ w.*n 

^sf^Ws [tp fijv©?r ac®w?r zsmx msnis #r fatf% 

5^© *TRR I H«iT£m» *£|SR '©HR w *nf s T© 531 W <£& f©vsWR 
mm *r^T> ^SR^fsRS (Horizontal) ^<f snw I ^ITC«nv5 WC? 

^PTRSniS ?lW ^5J5 ^trjd^-ji 53^1 &i«mT£ 

^TRI^RW ?RTC5nW C5R3F «|JIWK^ ^TSPR 53M 

^PR Ctf'SfH W 5RSTf^ ^ SRI *r?% 

?rfWRi w srfa© sr^ »fra15=rar, to 6 ! st^i 
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'Q stofp *i&r *ifror 


*rfaRTC«T rc«K to rt i ^ v£i^ jtoto^to 

^n^s vSRT ^5 ^tor us*f\ TO I RCTO RWJ 

<vd^H $TTTR 5 ®T*I^^I n Tei \b<pTO TOVhCNo^l *K«T '5RI 

^RRT ^EfcTO ST*f TO | TOT W^lTiJ «ImT^ 5^0 

<*itcto ^ ta s^tc snfasf© Erfroifa&RT 

(Radiometer) fgs^ SJR^f I 

stiotiTno tocsin #ro Ww to'itoI ww st^rtr 
TO US ifl$ Rf*RR^*T W 2fTO HTS’ffe ^TO WIRTOT' RsfTOR- 
I RRSRCTO fwsM ^ ^ofvpWTCTO RCTOTO ^H& faTO 
Sfc'oCTO *5TRI v£i?JT TOc$fTv5 f'T^s $.c?l T*rcl<p *IMI<1 

‘RCSJ Sf5^ *lf® ^F5 mT TOT I TOT i£l?rr Ei^s CRC^f sjwi 

5TO TO I RTRTfatT TOT UT*U TO US CRPTO TOT US CTO 

£RTO ^RSt S||^<p RT CTO 1 , RRTWHS C^TCR* Ir^s t5^ TOI^<P ^sf«|?PT- 

^fro TO^rrot to crot ^ tor to i to crto 3vj>1*rm to 

OT »£& ^fTOT^T TOSeT ^TORI CRjTRI 

(Johnston Stoney) ?f|TO fa'SsIR^ Nsfe's ?TOJTO (Electrolysis) 
TOl^T W fro 5 ^ TOR US ofv5<? feTOCTO sn^cT 
TO TOIR '5)T<'sjI^T 'slTv&'vS R>?TOT, To TO f^T CRR 
%TO&R’ I TOTO^ ^PST STATOR TO US TOCRF5 # ( RR^T ^ 
a.^Rf'o ^t.ei<?ad^t^ i 

CTO^g TO=T TOft WJ5 ^5 TORT«q<T 'TOT *ff&©, TO? $CTO$R- 
*lj«1 ‘3X3$ RTOT <5^^ >llT<M> ^IRR, 'tlvcTO TOT CRC^s *ITCR CR 
TO TOR TORT^ RCR& ICTO^R RTTO I ^TfTO TO TORTR^T RC*nt 

crt£ ^trtsrr ^rfroiR *tttj toi cro^ ^tcto rcrt fro; tow 

RfRTTO 'OllT^.ss ^CTO^R TO*RTR $11C4 1 , 'SFoTO RCR -TOT CRCSs $fTC?f 
W TO < TORT c f^T ^ ^<*T <a^fS ’yeflTOS ^ITOlO « 

TOlT§ TOTi s ^4> ^TWh^iO I 

2- 4: TOW <jfro ^nc , »tfw '5TTTO ^TOTTO TO^Nr 

to<w <rfro to;^ Ir 6 ^ ^t ^tcto to ( w ) ^ ^TTTO (e) 
^(f?IRT^ TOT SfCTOrRI RlRlT« TOlW 'TOT ^CTO ^TOIR « 
1 ®CTO 'Slrq^fpo (^/>iT^ TO!R TOT TOTO I c£l^ '^•S ol - 

TOT TO snc'rf'TO ^rr*nR (Specific Charge) i #T 
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^T*fH ( e ) 5 ^sW ‘ 9 fiW 9 ( ?Fir *RT, TOW Wife? 
^5TT*fPR' WOT vSOT W ( m ) fecj 9 l # r ^T *i*»ps I 

(J-J Thomson) fa^R ?rf«|% ^SKT^ 

( e M) fec?i*r tor 1 (2-7) fros Ti vg^td mb w*! =^r 



fro 2.7 

tostivs 5rf“SRr ^ttstr w*n ww *(<ffeT i 

m src:*n to^s #r §fc*rr*R to to srcm 
^ to «nw 1 c 'Q a 'amwicffi *xm ttot 

SOTC^Rl *FW TOCSJTW CTO* TO^HvS ^iuRl^ <3<T° 

s *rro^ b'i#aiT ™ * q*r fe nra to 

WTOfe© (Collimated) I Wsf^ TO ^W- 

^F© 2f**l w © ifl<T" f«lH ^ll^bl^f 3 T t9 1^’ To fe©3 SR^*T 

to 1 ^ src*n to E, F ywi^M *n^ sttos^ *m\ 

fef ^ *^r ^ 1 1*3 to fro affsfr 

totc^rt *ro snsifro 5 **hwei ^fercM 

\sf^?^ro ^’ist tot to, to 3«ir <Tf***>f^? '©kto to«t- 
CSWT BWW CTO? <©fecsTO vftvnjx f«bi;\© TO TO I 

«raw b,TOCTO (M) TTITOH ^©feWOT 

'±hI'o<?1c*^ SfCTOFf ST© Cbfe^ 1 C*TO 3CTOT TORT TOP^I *1K.4 I 

(^• 7 ) ta ^ csfa^ w *Q*&m tor 'BifTOw fen toi 
^ cbfarcp wot sfnq tocto 3far?[^<T v*i<^ fen 

TOI TOCTO ?lfeR 5|fe»W « Cbta* WERT ^f^% fe?R 
*TCC*T WfclM <£)§ felT TOI CbfaR? WORT fep $W© 
feV^ <K3 <J<TO ^tw ^CTO fe* fTO^© fe$ fell 

TOM >t*-N»«5 I 
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wi; * nfara 


<3 fa*|% 5£1 ^5K«nv5 if*! 1 ^ ic*fi 

SflB® 1717 F Zff&ZFv *pfl<? (Fluorescent Screen) $*(% 

Wftw ^^t£ ?^ fr*?^T \5%m <3< Cgfcl l* 

tTOra few ^r fi*?^T>i wir *ffnfvs% 51 fatfffisr 
Sttltll* ^t^vS 1 Ul^lR C1C1* ^1 m (Displacement) ?m;c®f§ 
im i*«ii 

^ITCH^ gfnj ^TO‘5T^t=Tl HT1R 'Q \©1 1H3C1 e ~Q m *W 1R> I 
H C5Hl> CTOl OTIBI V ^9T tlSllllsT *£&$?[ v£Rjf$ lrf«tlTl 
^^fci si^sf 

Hev 

— (2.1) 


Fm = 


1TR1 A' Nsfe^C^Col ®mj 4TTC1T® lt*l Rf c RT^f=H ^“ICl 
fell*^ 1*T 51 


F e = Xe (2 2) 

(2-1) <31? (2-2) 5fs^qs?R;ef A' ^ c fanj-\ofv^ 41*7/5 (e.s.u.) 
41* H 41*71* (e.m.u.) nfgsrr^ ^ 511 

if? *t~% cfth* ?ht 1*71 rn^zs^ ^-ith 

fi*^f£ aiifai* wir cici* f1*5^771 ici m i 4 *h it? 

41*t IsC^f aciffi HT 51 41“ 41 1R 'Q tw 

4*R ^TCl flf?^ ^1T 51 Cl '1?'T1 SsH ?*te fl*?^fc 

in srrsrtii* irpittr fi*ci htcr ^i5coi ^ncnw if*i$r^f«Ti 

C^H* CW5' 41“ 5Ri ZK& 1H *RF*fCll TO »S1* 

fl‘ p (l s tel^l s l' 571 1C®T HT C1C1 HI l 1%^C^C?31 Cl 1R 5^ 
4^ ^T ifol ITd it? Ao %?n iRTfitf <pgj 5^, n 5|5P1 ^TWf 
t«Tld “llfl 


A> 


H™ 

c 


llfl*!! (2-3) ciC^F IHOTvS lf*H C1*T *1?01T HI 


(2.3) 


v = cX„/// . (2 4) 

C1*T Wt® 511 'll 51 TlF^ll* CTO WU H *t?q ®f^- 
775R31 ®RT lUClTO if^q^l tl^tl 'ltlU'1 1*7R (e/m) 

HT *F511 



v *nrc*Rr snw ?f^sr 'Q *rt?r 5 sfaaf 37 

(2-8«) *m z*!u$ ^ f ^ toj 

'ofvs^wcfl * 0 ?^ ^mc«ri^5 ?iW 



fw 2.8 

^JTCSfT'S' ^W<1 ( a ) ^l?^& <£W (b) Cbfa* I 

si^f <sm x ssfi^CTrani s>rafa y «fT«si^r 
5?r i y ?f%<T to 

d 2 v 

m ° y Xe (2.5) 

c//‘ 

® v5j-^-^ ^rera<T *rc<y ^«nv5 y fro* 

w qy/qt sant, wf y $sr*rs <^Nf to, w*sra va^ t\km 
^ x TO I ^n^T“ (2*5) 3ffl^RMFF 

c^rei to 

d (dy\ dx Xe 
dx \dt) dt ~ m 

CTOg dx/dt-v gf^s *nw, ^TovOT ^TO?r >pf^« OTPF 
TITO 5 ®^ TO^ ‘"IT'OTf TO 

- f Xe dx = ~ 6 f Xdx 

J mv mv J 


dy 

dt 


( 2 . 6 ) 
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*cfonRir 


x — 0 dy/dt = 0 sp®v£|?r (2-6) JWIWt 

(Integration Constant) «|^n (2-6) 

CeT^IT W 


dy dx 
dx dt 



*GfErra ^isnwR to nT<3?n ?n?r 


ye = 



(2.7) 


v£)WT AT Ssfv^t^Rj- a: = 0 x-L ^5RX2fK?f 

nifr <s> r^© fa*^v© sc?ic5 i 

WfW (Uniform) vFSSWOS ztti W^<T TOT A' = t£^ 

*rfer x = o %$\ ^wcg ^to?t 

to *m i <ji v ^<5 was ^s^wg to 

^Fs^ ^RTI C?TC> <nk SfTC 5 !) 'of'^C^CQS «TR^ I ^TOR 

4 cto fafei x ^ ^to<t sth 

f ? ) c f?i <p^i m i 


w (2* 8b) te M t5ta«> ora^c^r srt«n * ?to* f^n«fNr 

H c&H* cto*i ®rt y fro ^*ist f^j^s fa«i% 

to ^i- ^cro mom ?rf^r*raH«*r ^ 


m 


d 2 y> __ /tea 
cfr 8 c 


^rrc*nfas 4 $ ^viV-sira ^sn*fR m 

*■ = mVcf dx [J Hdx \ (2 ' 8 > 

0 

*1^3% Sfot Mfc*j ^iw?m?T B *rfw»f TO ^TOsT 3WI^»IWil 
TO *TTTO TO I 

\&l?\b\® ^7 Cb1*<4 fwjss *ft§JTO TO tSTO ( 2 ‘ 4 ) *pfiTOM3 
TOTOT v faefa TO (2*7) ^T (2-8) TjsftTOT CTO* ^»TC«ITv5 #TO 

«/*» f^^«f to to i 

CTOF*! TOTS TOT Ws!? W TOTO TO t>TOT C?TO US 
e l m 7ft crot *jto 5RT i 



’nrc’nr srcun iswt; « *rt^ ?rfnr 
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EfcPFT ^TIWT© xj\ e/m fsRj^fej <r>c*H \sT *1^ I 

*0 ^sn^'Q HIHlT<?< ^IftlvssD^ ’T^if'oC'o ^JTCOTvS 

5fara e I'm fa«fa <r?r i m WXI vsfcrcfo (Dunnington) 
'*M,T*ta ROT7*T *RTC*©' s I fa*(WR.^ ^TC«T|^TI 

<j><1l 3.G*its? I 

2. 5 • \b|T<T\^{^( 

(2-9) %cs a*?W% t f 5135 

^of^srcrs ^rRn *tr^ ?n?r tsrc^ tcswsfa fa$rt 



Wff*IT5 ?rf^ Wm ^ifatfFRf ^5T I 

4<T 5fRR OTT (Slit) TOST «T,\5^ CSHj A <*fR^ i F <4<K 
A c?rcfo shot otstc tost tscm 

*rt ^?n F zms Utfe va$ ^iw**Ksa wp 

^ficsT A ?p^% ssrrgs^ ^ i *rer?ij<T *tot ^ 

f^KWICT <n*n ^ ^ otto ^ifosiw 

1 ! a B ?n*rt®T &5 iw<( (H) sipo otot i ^<r ^r A 

rask ^«nfe fer ot:*t fa*t% 

^ ’fesre ^ I Si, Sg, <sm Ss ts£ 
toot ^T^te?r ^i? ' ! iiwr e T 

<Mi 3[?r I ‘3 < > <5i < T j i<l OT*f ^it^iasi*! OT! 
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wt * i ; >8 c**spp 


wfa (Grid) B C *KOT£CT3 $*IC* I 

F ^ A CWC6?I 5TC*ft W t^5T<I FIW sp'TST *lfa4v®1 *5?WTO 
Iirit c*i$. <ii^^ ^sT^c^fi S3 <q B \si^ snf^Ri src*0'8 £i'<i n ® ^?r i 
5ffpf v£)§ ^5R 331 W ^4a*s^r B *^HT 

5TT T c ^ *SRK 

G f^$| \afv5«; 2R13; <£<^1 5fTPf A 

WCT* S3 ?pf^5 ?m (t) #CTO fWP5 (T) 

*f?f 'rf c F5^ 33 , ^ t sTt^ t=nT («=*f^fa*?nT) ^ vsTW 
^*T9i,T°1 B 5?T <iR° *T*R vdI<Ki B \sl^ 'SfTfoTU® C^ft^TCl 

n©TFF<T * 1^1 5RT *n?M B vq C r 5TC*fl «rf*f 

<U^f£ ><ert^aj|rj ?<lW<* T<1\»<I TjHJI <PC3, vsI^CoT StCsI^BH^cJei «i|^ 

^Rpsns C c*rte© ^ 

^ I 

^rf*t §tewfi5ro^j? *k.*fz <mRT*f * ^?r fi$t v 

'SlS.Cci <£)§ £pf*[T vff^ 


_ rd rd __ rt»0 
v ~~ t ~~ nT ~ « 

<*RTW V= 1/7* 37755 <P=^fT^ (Frequency) i 

^f<r<f CTC^.'S ™ i^’/r = llcr/c ," t> = Herfme | 


*jw *nt 




Her 

mr m 
e _ vff 

me nH 


(2 9) 


♦riIwiot csi*^ c^5 H ♦jT-w^'h ^Tn=^TTRiWr<T 

fapfWvs W * 13 , WT I ^f^CTORT 5P*fT^ V 

wrt 9&T c«k^ ^ *fcrm ^isilwr (2-10) c«r^ 

e/mc f^ef^ ^7 qyn | 

<v©'*uw fesrafora ^T*n^ >irT<^iw str 

^5 e/mc = (1*7560 zt 0*0005) X 10 7 e.m-u. £f%snW I ?FJ?RR 



*fiu?Tn wwi'; *jiwre if“*f o irto^s 
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^37 ceit^y am ^.csi<paw<i £. , *kg$’ c ^ m <43 ^ac?nw str , s > n'Q?n 

<5R*fT ^sTC^ C^9T '5TO®TrC^sT sgeR,$ ^CT<P ^T 2^T I 

§£«1<pa(.is ^T*fR ^T 

i ^jjr i£i^ sftRj ■srrtatos sir 

$w«ptaf ^csrt *tr mom mw w—9-io84xio- 28 ^ i 
t£J*TT?R W C^T ^ to 

'qiC=ll(L4<l C^$T c v£I?f \pR% ^ \s^SR ^ 1S > «SH)[^'.H<1 

^af^NsRP* ^ ^n?r (s ■ i o h^< i) i 

w ^ cro $c^<r-a<R?r c^fet ^rcaf^ ^*ir 

mom ^Tl?T R i v£l >McR *K3 (IS-2; fcR^ctf T<T v irf<^ ^rricTlSm 
^RT XJX I ^Rlk^R toR £f¥<5 SIR XCX> iSR SIR I 

2.6: ^JT*iR tormf; M*t«hr? *rftwi 

STCTTo SfTWfcRR *FmFf\ fsrfo^R (Millikan ) 

$5I7R (Thomson) <<^ (Wilson) ^*>% ^‘■"'»l?<\s mfNFI 

awlc^ sn?TG to^s wx 3rto«R ^to^TR ^trr 

<f>RR | 

fatoitfR m 5 ^ Whs (2-10) to frr i to 
A nq B TISIRX^M ^SR^to (Horizontal) 

SR>f\s I <£\Uf<\ S^ift 7j^S (^T^/lRfsi W*\a \stoRFa 


D r 





B 

tor 210 


Mwrtsra ta«i?4*r; WNft mw D «n?rw?zRj 

5TO CvseiT<l'^ (Sj^aST 3RT $R I S '51lt<?Tl4-^C^R 

m^rcm ca$ *qto 5 $rtr *nt5Tito» ^t 

53 v£R< T ^R^fN^era ^TRTOTf 

mCW 1 *! 4 *! ^fRT 53 I X <1R ]T> X-^T*SJ<J ^STT*fTU I 
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*flRTi; * ct*hr *nfaw 


2TCST9I rsrir w«fi rtcr i ^rcrr sirMsr f&R cr?5*«r;@t 
R^RRf£ ren> f^H rrt rkr i D' ^Rfi? rirtr^ 

(Atomiser), rtr t^n) CIR* RIRTRR^ (Spray) 

RFR fe^feH T^SR 1W S!Rf\© R^TjR *RTCR 2lfR*T> RRR 

R7RI CRtR fR^fsRRTp^ RR^cjR R£fff 

^nf^o rtr i Rf*r mrT<o r<:ri cri^t ss^sctrt sfcRm rt 
RRT 3R> vol^cq *5TRT 'qT'SRPl'R IjICR Hlcb4 f*?CR RTCR I 

^ *fSPTR *m SfRIR Rim R1R;R JTpfcvsl (Viscosity) i 

^"^Nl (Hydrodynamic) ^ CRCR ®fHT RIR CR Rfa r 

RTT^TR* PTIBfR CR1R RP5 (Viscous) ^rc=TR RRT fel *F5£vS 

RTCR, VsT^Cfff TrSs^R *IRR1R *IR nsTR CR^T ( v ) R^TR 3TR RTR I 
P^TR^RR R^T (Stoke’s Law) s^rir 5 ) ^TR^RTR ^7R tfhSR 
^RR RT^cT Wfcflo RTRTR *rfRSn*I forqrv | \£]R^R rj 
'WRi^R RPtatfl $i;*rRR (Coefficient of Viscosity) i vR^g ^ 
^R*RTR C^TMRf^R ^*RR RftsRR^F T>H ^“RCRl^F RRTR RRTR 5R, 
RTR RPT 'STR CR^I S^RR 2£R I R^r "fraPTR RR _s f 5[R P vSR\ RTSTCRR 
RR^ ^R o, fRtrJUR ^*fR ^f«RR% 

w — far 3 (p-o)g 
5XRI ilW5 


io — far 3 (p — a) g = Crmqri 


^STo^R 


r- 


9 rjV 

2 ( p-a ) g 


R^SRTC 



1 

i 


s/ {p-<*)g 


( 2 . 10 ) 
(2 11 ) 

( 2 . 12 ) 


STR^S ff^VR RR]R©^ *RTRtR v£)Rf$ Uw*f\ R1% S <s WW 
R73TPTT ^SITPTrfR^ RRT ^RI 4OTR 1WCRR R^T> fRlffTS 

(Blacken) jjsrj R7CR, RTFS ^TFTR ^“RR C«RR ^UPTIR aTwjfav© Ri 
5FS RTCRI vflRfij RCWfS wW CRTRPT R*R3R T ^ci^NFRR 
RT^ICRl clooiTR't^^eltR ‘RR , cR**f» c T RRT 5RI ^(.RR 

v&lfeC R rfl ’ (Eye-piece) ^Rsf$ pRcT ofT^fR $TT£R, RTR ^TCRT ^FTR 
CR?T RTTRI 7PSR l CR^T 5TRT RTRPT, (2.11) ^^1 rR(.« 1R Rn^lCRI 
^o1?R*H;R RIIRTR* T f^cfR RRT RIR I 



wnr *rc«rs wi; vm *rnr « 43 


^?T‘ 5 TsT A 'Q B bi^pT'O •rjiu srctfl \5f^%^r SRRT'JT ^IRT 

53> 3R s[h *i?*n\sV ^t ?n?r 1 vsfw*Rf otic^r **&t 

e « ^TWH^lO Xe n ^ ^fj | ssfv^C'SFCfR 

f'Rs vflSR 53 £3 soR <sri ta cilV^s ^n?r ^r ^t©^% 

3C«r f^ra^s fVto fsRm <K-a, v5T5C«t rdt/R h^ ^cst 

*llM 1 t^R-STRffH 3T%C3 3T ^|V|\o <£& C3*5t fa$lT*d'® ^T 

^*■^<1 <$3\ 2fcfcl'6r*Wv5 T^«r,Tu<l 9jfe ^1 ?TR I ^[eq- 

3 s NR: e R 3151^1 va| t3*r *riw3 ^rt 3r 1 »tfsre fc>% 

hv 3fr v i 53 , wf ^nsf?rr *[$ 

Xe n — w — 67717 r^ t ^2 13) 

(‘j.io; vq (2.13) *i>fl*MteRT 315 RR 1 ^nsrar 


^£n = ” + ? ’» 

IV V 


(2.14) 


C3C5^ ^sflWI (' • li2 > WC^ ™ *6031 3R. ^^3 Tjsflwi (2- 14) 
3R5R 3RR <?» *F3T 3T3 I iiR*R Wfcn[<FI^r A <3 B 

*r^3 3313 ^ *3tctr 3Tvdk?r sri fro X-^sr rt$i33 
<p«h 1 X-^sbt feiR Speer ^ 5 rr^rt 31\dr?r 
531 *F5% ^ (Kinetic Theory) 3T£TCT3 

*r**rr3 *rc-5t SR3 ^sr ^csio trrg 

53 I ^f 5 ? v£)^ft> ^®nj v£R\ ^3 s ft> l>rfes S|£5f 

3£I>, 15151^1 fraeiT<w,Ji><i ^3^33 5^a Ri^R I 

i£\$v\H *rf33?\a% 333TC33 SfR e n tRj 3R I ^3H *i?3«\©'ta3 
SjR^f ‘rffiS 5&TC *lk<lT^\s 5C3 313> 3333 iR Sj*TC3 

1WP ( f s NT 'sfv^c^Q®? 3®T ^iT-srT'sA© 53 I 3f? C3?f 

v 2 53. ^m®r 'snsRT rtIr 


Xe'n — w — 6rrr)rv 2 (215) 

7f5f^ci (2*13) nq (2-15) c«R^ ^fT^em 313 
X ((? n - e n ) = 67njr (v 2 - Vl ) 

^v£|?r (2-10) TRl^eR 3T5TC3i ^TSRT ^ 

x(e' n — e n )_v 2 — v x 


w 


v 
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vpiJim (2-12) rfi^m *rm 


<? — c — — 

° B 1 « - v 


w V. 2 —V t 

X ' » 


_ 4rr / 9 \ 5 J z> 

3X\2 X> ) \(p-o)g 


i 




(2.16) 


‘ (2-ic) (w 2 —■i’j) s*r nfa- 

sm:^ ^ i fafaraR iffrf >isr 

M^ b $ C’O s ll < 5 rl T^ ‘TjMi T*l<^ cT^»J W NoI^C^Cfi^ 
SIWI 43 PTO 3T33I3 Mm ^tforiCT ^fiwfafvs 33 i usu 

3^3 2f^c!W ‘'if^Wc^ra STR 3^?R 

43< um^ w 4§ sjRsi^r 43*fS wttri 

?[3 i ^snaicR*! 4 ^ strc 3> sto^acR^ ^>n<R ( ' 3 c®t 

3C3 CRH I 

fafeWH TO <PPR PI ^5 W5 |prp#R3 

^n*rRR?r vfcfcrs *tr c^ft ^ i ^ ^ pi 

<£K?ra PRSHPR 3^ (>wfo3«f ^* 10 ) 3p*j;cf Trffos ^ I 

CN©«iT-q**r n ^fer ^;£?T3 ¥C*T 

T<lbT«1^ *1% >|4><PIC3 *F$U5 «ITP£, PI*R CW 3i3 5ffe<f 

CTO I fafaWFR >5R,V|R 3>£?R PI 4^3 3 T|Wi\s>15?Tr« 3T3T3 
Mm e 1 3T3 43* 4$ w WJOT4I ^9t^5Rl %5 sj^*f*[ (M 

<3 t'a»iT<w 1 ^ 3JI>ilPf3 ^’fTPs?! (X/r) <K$ I piCiS'J’ 

V WR FTC33 ^TFxiR^Tf^ ^T, ^43 (2-10) ^sftw.cfS 
TOC^T ^TTST^T fffT3Ps ‘37T3 


w = J rr^{p-a)g = ^ j ' (2-17) 

J l + t>/P r 

v4*fiR & 4*ffl> | C^r<r^ Tj^g $*rc3W 3f**T^3i ?fpn$T 
^5T, (2-16) JR'fosjWS *^33^5* nT'Qm <313 (V b/pr < < 1) , 


« 


— e„ 


4^ |_9 _J5_) s f v 

3X121+&//)/• J t(p — a)g 


) ^ 

| (va-vi) (2.18) 


7R^pa«r (2-16) fesRstar ^naTPTa (Apparent) S[R 



’titiprar *rc*n c*rwn; >© if*sf 
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•rT'ORI rtr i <#f ^ sttrm rtrcr* t c*trt rir, ^i^c<=i (2-i«) « 
^2-i8) rsiIrsrct rjtrrt nrt 

(e7<?)* = 1 +b/pr (2.19) 

6' st^RiR ^tirtcrr r1$r fR£<R rir i fRfer RriRTt*fR ft©R- 

?<fw; fsrcar n<fNR rcr (O 5 4R° i lv* r*rjt r^Sr rIr ^Rfi> 
csrRfro *rrr rtr xttr w b sqRRfS ^r* r%r 
^TTRIR e TRR^R RRT r*^ i 

M^RTR ^TR -RsTWr URtR* c= 4-774X10- 1< 'e-s.u. *?fiR I ‘W's’f 
<pic«i 'SttR'G 'Stcrr* ’i^i?f *tr ^rr#r1r ^ttrioir £R rT^r ^ih 
'RT'SRT ^TRT, McTRTCRR fa'fhs RTR \sT ^1 I RaRTCR 

^RKRR RTi>R IrrIr R1R RRT ?TR 
e — 4*8029x 19~ 10 e.s.u, 

McTRi^T W.CRR RFEvoT ^RRCRR 0?) CR STIR RiR37R R^CRR* <®T 
f5«T I ^Ri fRR^ e 4R RTR «P( ‘RfRRTCR 

^«f fen ^RR^RIOR vfo ^H| 5 T 4 i #I 5 IMI (Data) ^ 
RfTsTCRR RTWT ^RTCCRR R%R- RTR RIR3TR RXR » fRR^R ^3T FfRI 
RTR CR ^R RTR ^R£R 2 PtX 3 >lTi<P RlCHR R^R RF.^T^T?^ 3R I <3R 
CRXR HRIRT R1R CR M=TRR CR RRlRR RCRfeRR T5T fRR;^ 

f^RT I 

MsfRTCRR *fRlw *T^ CR t^TR^RR ^TTRTCRR R^R RTR 
fRR^Wo ^R ^>13. RR, (ilR CRCR> ^TTR'Q CRTRJT RTR CR CRR^oR ^TTRTCRR 
4R£t RIRRT«i1rR 2Rp^o (Atomicity) ; ^Tsft«! STffes 

^RRiJlf^R 'STTRTCRR ^£1R1^T CRtfeTR vflRR ^TTC§T, l£3Rn RR 'SfTRRSt ifllt 
CSrtfaR vil^RR ^efvoRJ 5R I CRRR R^ R(TR!R RT RTTRRRR 
*RfRR^R v£l| CRfcR oQRCRR s»UR*T '^ifRRTCR ^R RT, RR RRR 
‘R^ c f ^Rvc^ RfRRTFT ^R I 

tR^%R '5RRTCRR ^fTRRTRfRR Sf^sR RRT v©%^ fR^RRR 
(Electrolysis) WRT RRIRTTOR ^5^ 

Tr^gIRR R s 0 CRCR ©?MI RTR CR ^sfv^RTCR RTf^c CRR ^TRTCR^R ^R 
HRCRR RRT ftfCR SRTlf^'® WTTj RTTRRRR RRR^mfeR I RTTRT^ WRR 
CR ^R5 SJTR ^T^SU'WR Rlfe^ RRC© CR ' 5 TTRR SIRTf^s 5R ^51R 
RlRRTR 5X^5 96520 | f^R ^TTR^ CtfRR CR (£)R STIR 
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*ii^i% 'fl tw ♦fhrw 


afTO«f CTO ^ cwt a*fT«f (TO 107-9 5TR %*ti) 

<a<p§ afwr *twh a^rfro ^em OTT5R s?n ^acsw 
^STTTORT <p fen c fC^ TO ‘TOTO5’ I w CTO TMC*ll«fi 

a*nc<*f% v£)<p tilR-aW*!^ <11?^ <p<JC© wf. WRTTZi? a^l?^ 
^o?n?r grcuiew, fenwl a*rTC«fa cro f*ro *FST?ncv5?i srsttsr, 
ivsiiTn i TOncv&iT ^ <tti,arr tor ^ 

C®i)r 1 (Johnston Stoney), *b>qg 5f[C5T I c^w1<l iUffW^ l W 
'©T^ tom ^ic«i c*f c^ro aRca^ ^'»}•-'© <pa az©^fii> a^Ri 6 ^ 
af?WW ^TifR ^C5T ^?WTOr ^ 

i cac^lj af^ffc aro*^ ^ ^sncs. TO5rt *qs 

4^° *mW*v» wh to^tor i ca cro 

vflTOn^ a*fTC«fa WI^ TO>T '5JTTOT 33R TO, \©l$ TO ^TTOR3 
^'©vi af?RT*f. ^T*J 1 TO CSftfw v£|TO I ‘ ? £pf§ TO TOCW 
W CTO^ vfl?f RR CTO $C«i4!aH I Mr v£}§ ^JTTOR ailRTR'G 
Ir^R TORI CRC^f STR-aTOR^T RC*fl ^itc&TCWR ^1?ZR<T 
WTf ASIC's Z^CST *wm (Avogadro Number) 5RR, at® 

^itcwro ^hcr<* ^stwtcrs afro®! to 

96520 

€ = 6 7 025xl°^ = l-OOxlO -1 * fSFR = 4-80X1 0-10 e.s.u. 

aw tcwtas ^tto « ^t*itcr?i afroa a<pac<R 

rrr l 

2.7: totw ilW 

^nro ^©a^a* cwcafe ca trto i>ica ©f^ cawa R’afa 5 *© 
artro >m> « tow, aro to?icr?f toi 

^cro ac*n fw TOroa^r rto a*nca*a RTfcf^ ^airor 
aiCTO aft© 7FTOJ a^ TO^tfdf ^rrCcTITO TO TOC5 i 
tow ^nro^fera aft© fRca aaa a^M tor csiiwfii^ 
(Goldstein) WR^TR fa®R^ I t©tR V$iCa CRF 3 ! 16 ! 

TFaTV^ a^Hi '^•s^T*^© tott?t ^tsrt °t^t toto w »fot sr*fpa 
towicm ^nzff ^ c^ fe «nz<p, ^ttot ^iicaizs^ ta^^T 
fifths (^5f«fr^ TOTOj® g<iT»tc. 4 ^ t^a^N© fwc^) va^tt 



mew pwi; mcmv >9 iRnw sfa* 
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irlfgsfR ftstt i fofa wsr <43 ;tr fr ' 4iiw #r 
(Canal Rays) | 

^ ^sfvs^c^r <i cbN<p w tbit f<n>i^© ^ i ^ zqr?$ 

Sfsnf'T® W ^FITCSfpS #R?T spa v£j^K3 <4^ 2PFT3 ^1?$^ =$f«fTO 

<*W i x^r*^ ^t tsl*^ c^ca fa&rf'®* 1w *rm 
^£®r c^wr *u%i ft *4^ ^faro^r *j«ri' , 4i^ 'Siwr <s.h i ft^srt 
*0 4FR FP03I) 3 $ TO (Positive Rays) | 

i£lt #R<T ^*ffo<T TO«f *R>F5?$ 1M ^TT5TI fav|bl»f FTm 
* 5 r)i^i<r> >&u$iri$i H T«i ^ 1 ^ 1 ? 3[c?t ^fn'wi^ 

OTCT* <FITF*ITF5$T ' s fNm«t TO I 4FR TOT T^ ?K*IW *RW 
^isM ^ITCSfTFb?! 1^5 ' ? fT?f ^C5 f^T^T bfFF b^T TO I FNFTTO 
faR bT^f w ^%^r?r to*t vstfr ft toto *tf>, ^i^r tot ^r«n;- 

vSC'dl'Sf'O ^ ^tCcll^ fao^Nc I C>1^«ii ^TTC^JTC®^ f“W r ~ 
*HP5R> '5P*W*1 C J«’BI SR'PfST t r s tf‘S^l»T 5BTI 4^ '5TBR- 

^bSjC^ *Hl''3j^ 3f*5f ^fT^n ^Tf'Q?IT 3[?f I 
4FBT «Ri:;*f WBT SRT fcpffi (Thomson) **** *tot 

toto? *rfa% *w'sm e/m 

^1 


2.8: *HRR5 fTOTCFRT ^[f«R7© *P%fo 

(2-11) fer fopR ^Ws TO FfTO $.0*1 I B <P5 

^Tb t^TTeTF I ^fTC*^ >1l^lFlJ 'Sft WtfTO *1JIC>14 bT*f 

^lfrivpa 3RR TO I FTITOBT 5TC*fT ?HT£TO bm ^ ^ 

*RP5W <tW<J Vs^flVfii v£l^ ^ FT '©IFb 
«w n T<wr 5?r i sri,4<t ^ SfTC 5 ^ A ^mric^ T^<m^ 

t^f*^ 5 (Capillary) hccI^ W ?®fC?r ^53*^ 

lc \ * W V- 

v ra^ urfa 9fHFT ^?nra «nw, 

^iuw<j wic^<) ^i?n *RT5f^ 

^i?r 33 ^ vn ^-1 ^ioi<sliJ<i fitc^ iflViij <pfb^T 

^1 *n<i srctn w^«nvb c wtfaFS stiff i wcsn^ 

«tps^ 5 ^ 5 ^ N&ii^fo M»f^ i 4?r ai'ssTi^ ^jioiJ^T^w 

■^rit M si ^s ^?r, ^rn;'® ^rasr^f^r v£i?t^^ii?t 

(Sputtering) afgRTRT ^RTT GUP &S*ft ^TTSTr^ 3TT '^0® 
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•IWCi 'S 



*H3ll 51*0 fel ^ 2fr«\s ff*R?P ^5RI aF© 0-1 

fafa ^\jt{ t\^s[ ifnsffc fe i ^ttcto5?t 

^»f ^ 5K*o ter fa*n% mzn 

Wf£9TRTO 'CJ'O ftfw v£)^fr> ^ 5^5J ^JTOsfos (Collimated) 
TOTO* <^ , PfV^M<TI‘ ! fi ^fT?R TO^TO 5R5T 

^irc^TT'Sf^ vS'Q'^ $iCH *||<TO >^\iJl<Hl I C*P!t ®f*0 TO^ft* *7>lCb^ 

(J) 5f<l T^tC^I ®f«T <!>£<) i£ 1C^ ^T*'v5T *$<(<) ^F’^TT ^ITC^ I 

^iiwfC\Sj<? fsrs fsT9f% *on^n^ to* \£i^ 

f*rw tap'fNr <3 cb^pf toto sroi f?cn 

^lfe5T«T ^ I TOiflj M ^r?W b,*^TOT *1T*!OTJ ^BT 

^r ?[?t i to w^t> &RQZ to;*t ( p < p/ ) bT^ror fts; z^ 
(K, K') bITUM XHt'IWi 3F©'?4 Vd (Insulated) ^ STTFF I 

<n?r^ i^5T c=ttto £ror<ft to* ^zpm 5tc*o stctor ^ faro- 
sr?©w sktot <k<t v£i^f$ >;;f*£ ^tt tot i ^tttot cw^f^p 

f^sefk sn:*o tot latra sjraj ig^f$ 

TOT'S WT TO I 'snw TO* fro ta*rfa 

of^TOT <3 Cbtro 5 TOT ^TO TO**IT ^T I 

*$T^tot 'G zuf^ tot c«rtf mzn <r^r 

fnMb'iT.'si <0^ »r«^ D nrcro siwj 

TO 2TRF5 4*pfl> WlcfcreflfcPF CW& ( F ) TOT TO<F I <f)§; raa><J 
^ «rf^Fo toto 5 ^rf^^fro ^IWttN *snf*rs «nwi for^nTO 
TOl’TO D 3pfb^fRTO iw?PTO ^TTRTO 5T|^ TO^T 
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R5on o-oooi fsrfsr n*f*^ gpf ^t?i ^r^sn wi 5 ?i 
iflt Rn B ^f& CWC<M SfWWT? Rn ^5TW4 ?? I B vq D 

lilt 5 U?£ n?*n? nTiEW C? T-qT'ofel Rtn ^PfT >1*^ 5? ^$7? 

<£1?*! 5C^ ^O? ?\OTP«Of n^fq fe R=nST TOSfTtfS? 
^?W\s l <nt fes? i£)*K frrctfw sri i£i? ??* fat? B 

no? W^r<i'nnt?? 3 ?*nK“Tt D no? sk*it nt?n 
no i 

B no? ^pRi? D no? faj^t?<i srn ^ <tr ?im? 5 te§ 
t? ^rt^p ; 5n??n^faf 'BRi njPL '5T e r^? nt*n n^nro? sfc^ \sich<i ot? 
?? nfat 5i1^t? t¥t®T I D nO? Rn ?fa f?R R 5?, ^H5t«T 
i£)i< n^t^OJ *{% **lO? >i*-«l<;VoT ?^T t?*!^ 5? f ^TI? SR5T 

vq ct>N^ cw *riw ?fa?9t??£? f?R^s nfasnn ^?t %*& *r$ 
5 ?, <fi?? i£iw? t?n1? F tn$ n*f*\s tn*fa?^ ^nt*tt ?ws? 
5^?f nf^^T $0 ^BRlfat^ T<1 b^i'O 5c? bC°1 ?)? I 

?*R ssfa^ ?T Cbt*?4> CTRT fern ?t? ITT, \s*R *RIW <lhw 

t^R T^jT's ?d> r va?® i£it ?fa?n3s§ F c^Fn^Tsrrf^FP tnd>? ^nt? 
^rmf^s 5t? t^ft? ^ifatv^ ^ ?<•%? *ij°i> 30 1 ijp?nt? 
viT^? i£l?\ Cbl 1 *^ t^>5 nt?P>f <F?cn ?fa?5 , Q5§; 5? 1 

‘jnfafo* nVnsTTo fan?' ^?t ?t? t 
ww ^i?R^fe ^t?r. ^©? &^°s ar-’sw ^fa^nt nrsrfw t?n 

?R 30 e, M V tft\ qpM c?C 5 ^ 4 ?S WG 

n?*nt?? ?r*\s?im fwr ^?, ^il^vs <3 

^'lR4> 1 f?i?^fvo n^no? ^ferr?? wj>\ (2*4) 

?f*R? ww n^r? T<u>^T'o n%n^ ^?tt 51301 

( 2-7 ) ^n^ vstIw T<Jt>*.;T^<? ?r 5?s 

*?r* f dx ( f H (2 20) 

0 

^trr ^“Nrw (2-8) ^5R7n?ft ^n^ 

STR 5?s 

= KlvF f dx (/^) < 2 21 > 
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(2*20) ^ (2-21) sjsj^pjjTCT (Integrals) ^ 5 ^ 

TOiR 31W (Intensity) >q §? CWW 

SrHTi|T\5<p faNsR I ^o?TTs 'Q tbl*^ 

5IR«T ^ >iVU4«'H^fci(.<P *RT Z*fU5 *fTC<T I 

>011*1^1 ?«Was RTfa 

y = KtjM^ ( 2 . 22 ) 

2 — A' wi f l Mv (2.2 S) 

v£|*fTCT Kc <Z K m vffi g^s 7}^ I (2 • 22) sSRK (2 ■ 23) 7jvrfaR«1 

ivj <ii 

zr jy = G.e/M (2.1:1) 

vQ^lCH G 3**1 <£, VJ|<1 %)|r| v®Tvb^ 'Q CblR^ C^CSRI vjj(X<l (EjR?! 

v£R\ SrjlTvifvi)^! l « f P^ r J c T s )^I 

CT (2-24) Trsfh^si CQf ^ ^TTR^^R tm«lfw (RST V CcTTR I 

M*n> 'G cfNr '«i«pw sri (?/»« — 

a^raO >ivilR>Rq (2-24) csict *fN3?n ?n?r 

z2 /y = SQFP (2.25) 

(2-25) v£)<jsf$ ^rf*R7C^ (Parabola) Tfsftecji 

P 'OTTflfrsnfa^ raok y-s >|V|vor.e1) Y^T'oRT 

Twa^Iv©^ t?wr <<iii<i<i ^‘'rfvso 

5?T l (2-12) fcj ^wflj ^f*R7«5 mW^5 ZZim I fafel 



2*12 %?j 
W5R* aW 




4AC44 4WJ CSiWn; 411541 vB i <a «R144 «rt*«i 5i 

^ 34 ta e/Al >i*^ ^n?R^i;c^ *37411 C4 
C4F1 v£j4ftf ^44^134 'W^-sl >i < T t> (j 2[4 <£)43 e/M t^5 

KT©5f C45t4**i^T 1640S4 *4141 I 

TjSp^rj vsl4 2fl4fa4 *f4 s N J T 4(7R 3^iOT$R ^Til^ 4)43!T4 4C4 I 

H s q x s?ri 5 s[i<fic^, ^44^54 &*t 44.4 m c^i^f t<i^ *41^444 

y >Q * ^441*1 4^4, 44l44®f (2-24) e/M facj% 4^41 414 i 

WQ 4^W4 4t“44 e/M — 9571 e.m.u. vjj^^y ^ l 
?47=14®l *f4T4T C4C4 ^I4t44 C4 e/M 

414 in4 4^t ^''TC4ra nk4i*4 C4*i fei 414 i 41 ^ 

^4 C4C4 441 ^Ti?T w ^TTCT *HI1I4 

^“sm^T ^itcmw^r *n^5IT c q 5U5 <#5sf I 

^^SgjToSR ^144 4 ? ^4 44T44 '5}T s fi^T ^d<si<r>a^ 4^4^ <]|T^\s 

W4I4 ^n4TC44 4414 1 (3-4) xSR^^Tf mi,' 4I£4 £4 
^f44I®^4 £4 ? 5*4£<4 ^4f6 ^I4l 441414 4n4T44:iSl £4*54 (Nucleus) 
4i£4. 4i£4 £44>4 4£4 44?fcna ^c=i4a»^ SHIV'S 34 i £i3t 
3/<44a4k ^tl^l£S?4 *(44I®(; C4C4 fcfer 44£^, *QQ 44T44 
4714{44i'3i £4«t4TS *f£\5 41C4I v£|^ £4*54T££4 4*H ^4 ‘£2fflj4' 
(Proton) | ^ ^ 4 f^ CSjtfoW 4f«I41 44? 44 444 

£4«2£44 <£.4f$ ^T?^4 (Universal) ^-?nWT^ I <£)4 tt£*T4!k44 

«£44 (183613 ± 0 01) £4*1^ I 

44l44«f (2-24) ^4 44NI4 4f*44 e/M 74®/?! 4474 y ^ 
^ ksi;?^4 4f&4 4mi4 mn$?4t 4$74 ; wronaiiw 

racial ^44 y <3 ~ ^ 4 f& 4 ^i £4 44 3 C 4 t®r. 4 

41414®1\sS 43^1 S14 I £>l^S?4f T4!?/4®f *44^41 5MT44 *44 £t>l*-<l4 

?/44 ?4 < 44l^;4l 44T ^4, 4T4 4C4 2/ ^44 ^1^54 1^C4 ^14 <£14^ 
4fcl47S WIT 414 I (2-12) fe, C4^[T 414 C4 v£|^ fwl4 ^44^5^ 
(«'«') f^4 17R sm?£4 (««) W^u®! tllwfcTo 2ff'4kc*44 41)1 
C4 C4H T4'W^C4 v£]?Tf4 4W14T4 W^Tf MM'= 2a *|f?pn4 4C4 
7j5fl44®I (2 • 24) ^9{C4 e/M faefa 44T ^4 I 
&WW4 »I4^PI4 SfT^ ^4^ 4*474 fw^ferT^ W^f»T 5^1®!^ 2 
(4) i£J4^ ^141^4*^ »4T4 9TTTC44 4?TIW ^T4W4 *r^ 

kfel ^44^5 ’HOT 4141 4C41 C4*f^ ^14^ 

"5114:44 "5lf44^S4 "5PP4R ^5Rlf^ 4HW V ^TC^4 f44^s4 441 
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-wti; « to* *tfiwr 


^RTC’WT 5FRFT WtoT, *1 ns«IR ^i^C&lfrSH '’TOTI c liR 

^srr k^s y ^ cto *rafa<WT us*f\ *qx sr » (*• ^ 

f&ff 5^1)1 (2-24) £TO,i£R *R«f WWT TO I 

<R) ^*RR??I^sT si^rT^q (Origin) O 3R *fT l 

RTWToS 4<TT V|“Gi^Hr s cto y **IRTCRR 

iro^si to ww *f^n; ?c*r i trIwt cto ctri to r 

2)?^ C'sj’ifir ( V) ; STRH^fo ? ra ^fsru *if?BI TO’sHJRTfTO 1 

B C^ioic^a ?'©\scan ^IHWlvb <3 ^JlWICvW src$f{ ^ 

v> 'vti^.dsi f 'Str m^^ret w rm «l?r ^<j>?i> *trr <f^>r ^rf$p© 
«rfe to sct * v = ffl v ~ 1 sotwito 

ft* >IRcH >1 < 6 u 5R, v®C<l^ wTu *ITCS[TO TO - **^ *iftaW*I <pw ^ 
*ffaro *rfe ^tsmt wwx i totto to «ri r crr *rrr ^ 

'5T?R ^IC^TivS C*rl*TO ^ITO i£R tbC?J *ff$ <RR I 

TOS?t RSj^q (2-22) y *TOTCTO 

T^M\s*I 5TR Silt* I 

w *rf*r 0 y *TOTCTO SIR ^*rcro 

whj|vi;TJ vstr Tif^, c^R to fSRst .v 

vSTRf'G f*7R^s^ *IM <a*Tb T<R?Tm> 

si^T^Rr^ fTO f*l^R FrRffs RT'Q?n TO 1 (2-13) 

fs?) «|8l'e>ic< =T^i *<JC «1 *i3^ T«*s$fa R*T ETOT TO' I 
^R*! 5T$j> R ifl<^Tu ^TTK^R *RRR ^TRR^f^T »i)*, T«,^_ RT vsO£>|T*R j 
RTC R (e) t^TR 7^ ^US *fTCR l 4*R £ = **c R7*1R 
*F*f?T J]*Tl; *RRR 'TORTO T^'RbR! ^IRT TO I vfl^IR n 
^«fR^T («>1) i B OT5TCTO 3|WI ^TOR ^tjs 
^7% TO ncV = IMW ^ | ^ Kffe r ^ 
<f»jit5j[( r .'jj<t f^H rr ^<i!<j 7j5R *iTw va^rf 1 ^ ^c®t ? p^» 7 ^n<>^R 

^FR iR^'SR WCii <T-W, V£|^C®1 m ^,^<5 '5JTTO 7 R ^T^S||«t ^5f 

TO I ^ITTOR iTOR TO e TO TO I v£)<I ^RR C5>TO 

'G TO RRT fro^o v£l^ ^e/M ^tto 

7FR?T ^TITOR ^ifjRR? RTO R OT ( e /M) ^ir^fTO 

^TTTO 3ps^ ^T?TRR '5ff*R7?? RRR ^R I T<£*\g R7^f 

^vSST 7^5}^] «r% (neV) ^ ^toM?T *TOR Tr*f$ ^TRIRfT 
7fCR / 1Gb *1% (*V) "5RTO ^T?Rf$ 




i. 2 . 


fwr 213 

sr^i i 

(Arnold &('o ^;|<F £r*Flf*P5 F. W. Aston •£)%«; 
Mass Spectra and Isotopes 5^ c»lC3» -SITST ) 




RilMS «IC«n OTWR; RRISRPS «n*5f 'Q *RF5TC» Rfai 53 

w f<r j5 f^s 37 R nst ^‘rtr ^tmitfo T r hnp>i 

y 'RTRTM R*^ fR 5 ^ s^R^R (Origin) ^|^| ng 

^STR^SIVS 37R I 

(R) ^rr^r ^jtrtcrr sir 

5 5nC5 I CWRT M75 CR ^£l<^ RTTCRR RTIRR TrT'b'kI scgirwIr 

'TOfR R**ijR 37R R7t> “RTCRI W ^T^K.®tH ‘RRRTR;R "TOR 
RRTR7R ifIR 5 RT $M#r1r ^TOTR R*RST 0+ <p 0++ R^R 
R7$ ^5 *fTR I CT R^S 'fiHSCHU STtifR WSJ 

c*Ka* Im^r str i ^ t?^ strsir toiwr ®?ri ^torts' 

*IT'SRT RTtRI 0++ -^|WRR $Ri £TT$ ^TIRRTS 0 7 ^n?RRR 

y w t.sim ^rz?> ^ i wcrr ^\sr oth 

R*^ TOIRR RTRTRRTS ^RTR SiTM 1 

2. 9: 

*!{>** RIM IRRR RlRR ^TTTR fara ^f^I RTOTTR RRR %TTJ %<! 
^J<5? > ?Ts '5lfRR75 ^*{3? ^RR I ^flPrR 57RT cQ<F?I> 

TRRT CR*f 5 TO£, STRRfd ^ c 7sR I ^RjIsR RRT 

*m*\ ^flRR^fe *fR5TTRfR<F TOT 1 r<R RM 'RTTOIT RIR 3/ = 20 3j R 
^IRltsR i?*Ri! TORTRfM 3/ = 22 ^T^RT R7R I ^'RR'TOSF 

RTR1RTM TOR?TM rMto i^RR W 7 #^ TOT M — 20 2 -RT^RI 
TOT I 7R CRiR ^R ?IRM TO? TO nfR^R R%R TOR fel nf\W\ 
R^RT MTR^ RT r.RR RR RRR i£& RRR ^ ^RR7$ fW RTR TO? 
\stRR oTtoIR (Intensity) RR RRR RRTR ^fT'8RT RTR I 

TO URM 7 RIRn RTR R TOtRTOT TORRES i'.RRT R^FRR 3 )' ^IRRRTTR 
-RRI^TrIr RlRR ^TTir.RR sniRI RssRTR C^IR ^rRHCRiR (Impurity) 
®rR. Re R 1 l ^fR^IT $RRR fR^RTRs RRRR CR RlRR WRR RCRI 
m'ffa 'RRRT c q RTT^, OSTrIr “RRRTRfRR^ ^»R 57^ M = 20, 
^RI OSfR^R I^RS = 22 57^ ‘RRRT e rfRR5 ^R I ^ ^ OffR^R 

eR^ r]>iir?rr a^fvs i Rf^r rIrr to 2f«n:sn^ chr^r 

“RRRTR; ‘RvsRSRT 90 ^ ^ffRRTCR RssRTR RIM ^TR f^R's^i MR 5 ^ 
RRRTR; “TMRT 19 \»IR R^RRICR R^RTR RTM. 'ST^CTf R^RCRR 
RRRTRfRR* '©R ^RT vST&vs 


M = 20x0-9-f22x0 1 = 20-2 
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^^*>TC3 Rl3R TOR3 3TRT3fR4 *P3fes ^|Tn?Sj\s Wf'ff# ^33 

SIR C4R 20*2 $$ vst ^f[ 7f*^ | 

C4H *44il> C3fcoT3 i44^ 3PTI3fR4 ^SHoil, f4*^|> ?<jTv»fej ^53 
5 T S ' 5 ^' <5> BRT c f^ 43T (.'O'sVRs^ ‘RRsf RnSRRS 

^'AjI (Soddy) R|V|4 T<'Sqh 1 ' a M <l 3IR I 
3 «tt 53 ‘«n^ici5i i r (isotope) i wfa sr^pm ^<*tt *rc3 ^timirtt 
43t 5C3 i &WM3 ^*rc3 3fa% *13133 *3 r 1 wk33 

^rtcijr:*i 3 asrrfao 53 i ^ ^trrri *133^1 

3^3 (Atomic Nucleus) 3^ ra«ft?T ^*tf<RlR 

3^5*f7< l 

^33^5 S3Ml *3T3T ^13R3^13 *13313^34 v©C33 Rf&4 *lf33T*l 
*1*53 rr i rpr 4<?% ai*g ^fa3^5 £33T >iJs|S<M<n 

Rl3R ^33 3TR C3 %4 20, ^ sST 20-2 

(r1*im 3 3TR3fR4 wi«ff^ ®a) R3, <ot Swr« *tf33T*i wc4 
TrH^tcr SRTfe 53fR i 3fr 3n3R3^T3 *i33T«rf 34 ®?r 20 • 2 
53, va!^ RPR C3 Rl3R3 ^ *1413 ^CRTC(k*13 43T ^R^R 
3^£3R R RNtf* 7K33 C3C4 313 1 4 T&v£| 3 ^I13R3;f«T3 *133T c Tf34 
^3 SfR'G *rf&4 ^TC3 *lf33T*f 4313 3C3I<&H FT3T CW3, 3Tre M“^a- 
<sTR 3«T1 313 C3 **f*$\53 ^33^5 E331 R t 'K'4Rl R3R3^R3 
*1331*1134 «3 20 4 ^ 1 ^TPR>R (F. W. Aston) 3^4 3^T>*T 
kMFff <£13*13 <£34f§ 3^ R^FJ 3*5 Alfa'S 4C3R, 313 R13 
*®3 3*dlfff\eT3 3*5’ (Mass Spectrograph) | ^ 4753 3 5TC3' 
fsiT'efcl 214T3 ^TT3R<] *13RT c lf34 153 3^3 3^4 ^1(3 1*14/3*1 431 
7F53! t£)3 R151W' R%^R3 ^*f£311' 21473 4J ^RTCI>t£*13 

'&lT s 'fcC33 431 RTOIn&'I® ^TR SRrf'To 53 I $TIIRl)CR3 3*5?t> <i)3? 
^TR'Q 4«14?l> 7R<2Sl e ll3 3*5 RR^i C3 ®*T 4|iccilt>RI 

43T 5C3I vfl3TCR ^fT3T3r^T C3 v£l^ ^3 3*5^f=R 

3I51C3) (R *3?RT«r3 ^3 3R 3%WRR fR«l% 43T 313 v5T^ R3. 
^£14^ wV.cR WsfT ^sncaf^F STI^f'G (Relative 

Abundance) 3^4^TR fR«d3 431 3*^3 I 

-334$^ 3^3 ^doT iRR < 33 S NFT 4C3 ^R4 ?^f.5t CRfa- 

3^33 v£l^lf34 ^id ^ll^yntbic^ R*3R < 3T'Q3i 3T3 I 33T *srfa- 
C®?R3 f^sR 33R3 5i 3T3 s l' 3niwitl>m ^sntS: ° 10 - ° 17 ^3< O 18 1 



’fflCTO ^*0 5W(; flfay >q 
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Stiffs ^T$lt©M Km *$ fei M ^n^ICb'TC^ «R^- 

^TC^fT (Proportion) fsn£f«T I 43 W.W O 10 ^R;nPo 

Km 99 ’ 76 %’ O 17 0-04% v£t^< 0 1R 535 0-2% I vSfRra 

(£Pll3W3 *T^Tl? ’RTSfl' ^I^C^ilCIJl^f g Cl™ nq Cl 37 i TR^KR’syq 

C3»ft *T\*tr 5 *?n?ft -'trem iwr fte?t iwzs \ 

*rc*nT Km w i 

4*nw m sr^Np %c^3 

4<f£; ^*hTtc<i> ct wounfa c*nt \stff3 

^ ‘ ! iw c ff^ fa<i>tavi *n;«fawn i ifit wrne^ k*u k% 
‘m *RKtf (Mass Number), ^<r JiTWres A **m\ fajiff-TlJ 
^rt 53 i Ff*n 3 *r w ^ « 

v5tc^ «?Piwn3 snw sn;^ ^ *nsfan \ $$ *nsf3i 
TrSUS (10-7) ^CT5C*f ^^TI^TT 3RT 3X31 

sn$C*!Itf>T*f ^nf^^'ic^ Wm vSMIjFR ^RSTT®!; (Dalton’s 

Atomic Theory) *ffiW\5'rl SOTSR t ^=1 UW*S 43"f£ 

ssto 3 ?r -siw^^qf^ ^rsra;^ 33, <3$ sro 3 ? 4 *r snsi 33 1 

2. 10 ! ®5iRf 4 ^? 

STCRRfow*! ‘ t T^n c rf^ (Atomic Weight) fc?lR 

stfarcsrpra vR|5n*if^ i6«ei srefrc <ji>imTH<t> ^rcmfa^ 
^tc<r 43R 5^ ^fe$RR3 mm 1 

*4i$t>nt£m m *pfTtffawi R33T c faR «ic?Rr ^ri 43R 

3R5T3 ^bri ^t<tt O" si$CTruk*Ri n?RT«ito w 10 «raro, 
43°- vster 3135$ 43R Km C' ,! 

C3T5T ^sTC$T3 43* ^T9f I ‘ ! 1TW c ff33* fc‘ft33 4^ t>sto (Physical) 

43< 3I>{I3Th3* 43X3R WQWs 1 : 1-00027 ^ I 
*rref%^ *Krm xstiw 'Q 3i»usifa3h 4^ ?;t fesr 43*C3R ^T<mc^ 
*npn c ;1^ s (ii^TiJ 5JT5 ^i<$jr,<i<i Tqnrt^r ^rr^i^r 

(Mattauch) ^isy^ SfTsfi^ teffl SR^ft <M^OT 

C 12 ^i^ICIjIC^ i 5 1 ?WT«Tf^ 1 ^ j^t Km ^ ^SRr 

l ®C?BJ v£)<P^ ^C<3 «5?1 KR viC'W '®T*»t I 

c 12 >q c 13 ; ^r;-^ Km *wmsr 

» 8 - 8 <>% ^ 1-11% 1 fater c?c*f?t ^>n?Rfw; <3 

<£& a^ef ^RRi^T I 



^ s Cffa ’RtSE*?*!® 


O. 1 : 5f^1T| 

^r<ti c< sfoTu wtera m\ 

*><3 wsre ^ ^ *rra wfe^q ^ i 

*FH^r<P sn^Fj ^ ^ *\% ^?TOI 

' s T^. e t^ C 5 ^ Z*K/$ W«jfcl ^£*T W nsTTa^s WR- 

3,^1 ^*r ^f»r^ s^ srwi ^rasn*^ aw ttosi «?r kkv» 
«nw i i£)*r spr 505 v£j| p^ sr^rs ^wwrr pf;^ ^<*t *t<m^ 
src«n ^ sie^ ? ^imT s?rk c<j w ^ <* vwm; <at 

^ STO Pmtatsfl' ‘SWR ^**1^ 5Ti*P3f«T <PC^l pflt 
^ ott ^rf*r ^rc^f 5:«i;«f M=T3 ^rra 

^T7TT<j -Eiqra ^’.?f *TRT<t W I fa 5 vj> «t*n ^T 

?r?I F|T; ^ OT1?I oTT*fW TR^RT RS^ 7F§7 Will £3£*t ^Rp5fTF| ?££?! 1 
sp;iT Pfk 3W k^RTI^ rS i ^TT^fTC 7 ??! *F^N5 f^HTR Wcsfi 
t^ 35 R vfl^sf§ SPTsFRT r ,pR USRR iJ J Thomson), ^oq 'RKtf I 
X'“ <T5TT rq. ‘^RRPiTT fcpw-sfec 9 !’ 1 Thomson Model of the 
Atom) i 

3. 2: t&tr 

^{iTT <R3R W ' S T?T5TT C T^ C*R tRRJ^ ^n*tRR3 C^R5 | 
ifl$ ^1*^3 ^iTT?n*f ^iSTSf *(3*17^ ^l^i f :*J^ ^ISTR I 

^ (Kinetic Theory of Matter) j^fpp Wlfa OT ^ 

Tmz*te snin io~ H c^te ^ i $$ wspp t^rrst^ 

sn:«n ^ 17*7 

ta)^ ^*7 fcf<T ®TT£<F 5fT 3T?U fafaki> 

v5#PTs 57$ «fTC^ I 

?pff^ vfft skst^ra w.? i 

3TT^ 7fR[TC*n kkfej Wtc7 <|>^^ ^ICdlt^ 5 ^ ^ e ff=ft 

f^5R«i w^fT *n? w && '*iic®ii<p klV^ 

'Sllt^llWfl STRJ I W5 v£15T^5! i£j^ v£l^ 
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^<T*rt ra*n f^>iT^f to (3 .1 *m s*ikj) i 

StT'oTk Olkelfl ^IC«1lC<P^ 55TC*0 ^ 

n*fm i \ kw c*t*to *n*m ^m\ NDf 

(Electromagnetic Theory of Light) z*m SfHI ^T5t W 

£c«'l<PaH faftfa* ^*‘ 5 Tf\C^ ^T'TO ^US ?TR7$ 'oW ®T CSRTqs 2t4TOS 
^ *F*nK^ ^['c^i4^ fag^ 5?n ^<! fc^«t, 

T'©H^ c f , *jic er ii < i i 'G ’jfWctto *ro i 

^itogic®?^ w«i;ra 15 ^ to ^®7<r#t wp i wro-3 toto 
^r;to 1 i£i^f$ to 4 *^ 1 °^ wfij i 

^tC'Sr^ <J^<r- ^cTr^ ^ c TM s k3 2 *tttos ^ 

i£)^ STI5 5fWf 7j?TO I 3^5 

^<|5TlC'«'8 M®sr <t«^ CW (Spectral 

Lilies) pf*n *T 1 ?J TO 4**fT??^<T *T«*T $C=TW 7 T 4 
(Vibration Frequency) ti**^ 'Pfj'a?!! TO ;RT i 
ifi siT\s<i c*ra 4 / to 

3TTOWf\5* (Rutherford) s,v>^ TO^T, *p*R f®fa r.^S^RI 
f^gTj^s o'-^fq^r (sufa l^fsTTO '^**^0 WwT ‘ 5 T4*n c r 

fafapg (Scattering) sparer *RfaiFT 4iR;;k^ 4^1 ^ 

TOTO ^l^p^cf ‘ 5> f^ S N s T WC3i *fC<t ( 1 ^ ‘ 11) fa*FrW/J 

3j|0dTOI 4<n ^r.4 I #nOT^% v£l^ *r<fNFRt q^T=T. c :' 

?WTO £W5 ^5^7591® 2RRRS ^xm^i 

wn*f ms 4)rmr^ ^to to <ra : ^ 4 iitoto to 

10- 13 £7jf5T N5t«RT ^TP773 ^t; mS *fTOTO 4iITO*^ g*T 

>f3^f ®TC?f?f TO I ‘Pf?TTOy3 ^ ^g *TTO!^ 

SRPTO TO ^1<1TO^ ^R^T PrQ?IT 53 W (Nucleus) i tot?T- 
^ir.^<! ^Nr^r ^r afvs?r^f lhiw?r<t to^t? 

^sn^i w to 1 

3. 3: af^a;^ 

«-f<R^^f ^i<i1**H^ 535^57 ‘ 5 1TO c ly^ ^' p OT^' ^SJT 

aT<sR® ^ro m ' p rasrr c q^ srcm 

tfr ^5R3 froro enr.^ ^ toto 

OTlfTO ^c?R 1 
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C<P'b<PC<?> fet $C«1<PaH^fcf vsTW t^Ti^s 5fTC^ Vfl Tf* 5 ^ 

fcp<F^s stc^ ?n^:^ ^ c?r ^wyNsi^r 

Z^SC^f 5^<3 vaT3 &*Rt fco TO JTTI \sT 

^TW?T ^Ths^ <W^ *TT I >W<teS§ lilWSf 5vjififC<F 

^r#^To w sjft ^ i ^»?pf *<rrar 

^ 3t;c^^ ?9fc?r *rc;^ ri i 4 $t 5^r 

^sif fe faw fa®F *$un 

3RT ^IC*Rr $*RT v£j^f$ (Centrifugal) 

^«T fsRTT <K<J I i£15t ^®T ^5^% <8rfC<l> 

<5lt\L>ci I 

sr^tr w src;*n 

'vicq C4'b4c^ T^c-s 4>c<i, ?rr?r sfm <s 

faW.JvsxP ^T *RF*Rn3* ^rTvsoT *TC<r (3.2 fra 5^)' 



fo*s> <ftWr<K*?lZ®'<! 4$ iTv<UCW W.W 4WT * 1 C«TC^ *M I 

c**^ ^7 hi <nrr c*r r/PM ^ c r- 

■j^ (Accelerated) 37 s^FRaftsT (Decelerated) ^ff^s 

vsi^csr ^t ww «nc^, ^h 

^ “r1w?[ 53 ^ ^K3 w *n?n wwfvg fer 

' 6 ||< 5 'i^*ft«T ^CsT^C^f '5T*R^f i 5^ : fsRTT <PW, '5To^ 

srfvs ^ c f*1 s NT 5flR WT ' S TR^ I ^H^TRff 



; Win 
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vsT^b^^l^I faf<Rf®f ^<5C<J, *JT?f ¥C^T 

vfltT t^f I 'i>li<i^^ lf f s Nl ^f®14l*l C^f *I?H ^5T *||*| 

^a<T fen*i1eT spiwfow m (mvP/r) ^ ?rrw, ^ 

Wm WPEOT1 ^TPR*®ft ^T<T ST®T^ ^T<J ^RT*f 3^»fS 

to iqmx i srsfrc feeraSstfS 3 r*js cstS sre sn^T ?ffa% 
(Spiral) 'Sn^fvaS© $£\s ^s E<F-SC<Fa $*RT *fC\S 

fasfa 5c?r («"■ f* far 5*fcn) 1 



fa 3.S 

5teT4tfM5l *lf *W I 


. ^TWTffcws 4 zs^m* aaro^r a'fajc'Ta eqfp 

fa^fa srj a*nre fewra fawi=fi ^fter^r c^ra (Niels 
Bohr) R^noR 3;n PR **** ^n:«r, 

^STO^R* «h;sttCT^ fafa^l v£& ^S]R9f^T 

<5^ ssfa&T^I?! TjR^T (Classical; fawi<j «#4 

ot *mc®t ^9i;T«iC4 ^rp^renft ^ str tot c*tf© to i 

3- 4 : c^ra VR&W 

TO*rc*wr Tf^r awi%, srcfre ^istc^jiisR tot 

fa^TRT <i>c^r 1 vsst a?prr c i^'® v£W»Ti> sn?r siiw* ^ 

&$*%?$ 5to wp ^faT. cafa srcc^i ^rt *k<h 
c*r ^fasrcsR awr®^ srcJfT c<p c h<fc<^ fco ia^f$ 
waca ^tr\®r 1 ^fejjjicercsw afa^ afr snafao fefarra 
CR<3?TT TO C^FCff'G <7TT<T ^W® a^TO^T a1fa;af$ a?PTTSf] 



m 




i *RPn*i^re «nc<£ i 

^rco'f ct fsferrc ^t?r (He+; ^ 

vw c^5^c¥ f^rc^ 3.i^sjit«rG*<s sns^ m ^t«i<pyfa 

^rnrefa i w c^ 5 bc^ w «hw «n^ ndt<t 

stt^t fearedra *>tt*jtot W^«f i *wra*rercs sns w *rf*f 

z 7{WR §CcT4$to m<$ v&TST ZWs$ (Z — l) trim: 
$G«1<F i a*S T^Tc^RI WT 3[3. vcl^cei ■'Sl^Tv© 

srfegrcsR '*mi% ^*r sj/i, sisfre ^ srw sns 
(*rra ^srr^rFT <? trerr c^s *nt?0 Z<> t<j>*h<FG«> wre 

57^ i H(' ‘ p?jFf Li ++ (Z = 3), Bo 4 + (Z = 4), 
jj* 4 - +4. (z = 5} ^strisi csr*^ srwj i 4^3 ^=rr 



fra 3.4 

st&stcbr 7{^*\ ^rasn^ fraa;*f i 



^sn*!;’ (Hydrogen like atoms • i (3.4) 

to *wi4k *Rwr*r?r to^a cwr s&m i 
20^t5?TC®R aiRR^T I'm k^klfafo Tve>H 1 <5 ^R^- 

5ITR3 (Postulates) a*5PRT OT 8 
a«ro ^r^ths siSto&icen tww to <ii^k sns 

^C9RP^ kk' 6 $ Wffto W^sr 

no i kkk> <^sw\< wwi^kiw w *n?r 

(Stationary Orbits) i ^Faknkf ^gpp- 

$R<I C^f«Rs w05f p (Angular Momentum) hj %tt *R*nrflk 
%*f 5 ?r ; lij^RR A ^ fflTOHG^ (Planck’s Constant) | 

4<T 5fR ^ = 6'62 X 10-- 7 I 

2f«rsr ^MR OTW 5TM m$ OT toR 

^5T ^I'Ww no; O W51 vSTn^RT ^Ksgk 

TOI ^fkw (Classical Machanics) $con>ikk 

to CT WR *fW ^IKtos no l 

^ wqm ^rtor<T vi^ic*m ^kn^ i s «n?n 

WW FT:Off sraw *m 33! ORHlrST «T^’ (Quan¬ 

tum Condition) i n^Ns^lWI ^vi l ^C^vb (Sommerfeld) mi' 3 <! 
»at *rto* voif>04» ktos akto> ^?ri g >o»' 

(3.H) >&h,wh toks ^rn^nRTT ot so i 
fa\sk ^R?RS W*R fePM»lkk 
'SJhTvd'% «{TO vdvs^®! n^RT*^ OR vs% , Nti^<t<p'1?i 

kk^H ko^f^o 5T1 *TT I 

oon va| sr^tr nk^nt 1 

*FT<R '5TW?fT O ^ vgi^ R^knkf ^Tfto ^feRpj 

O' 5J5RT Vst^SO^k kto®f ks’RT® ^<T I 
^skr vn^rs ’iw'i; ^ ^to kto*r ks*^ fm^r r 
5i*to or ^rt ^<r o wi^ sirm kkk> ww vsrtoR- 
*l1<s1 ^OT^lkk #f OH ^l^ll C^fO ' 5 RT 4^- 

nr.n «W tor ^«fr^ ^r^«r (Transition) \ 5 |^<r|^ 
c«R7P kto«i ks^s 5T.vs «rai ^k ^rk 

*rk 5?r ^ 2 3 ^n?ft m »fk ^ E u 

^5T^r ks^5 kk«c«w *rto (E* — Ei) ^ i wkot 
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W 13 IH&W SfTOUf v£|§ *rta W!®! E 2 —Ex = /tv ^ I 

^^TKR v 5£^ faPITo «£& ^sftTOW w 55 

*C^(iC<J<1 WTK^ * 1 ^’ (Frequency Condition) i 
#f Ei E‘2 'oi^ (Ei — e 2 ) ^ffen«f 

*rf$ c*im ^Rrcsft ^ c«r:^ ^*n:<*r 

*Kffsro **TRTC^ I 4TOS RSTOtTO (Emission) 

fafWTO C*R*1 (Absorption) ^ i 
3. 5 : ctort 5ltcsic«R 5*lWi ^ 

^j*f£5TT3F s SM,*lM^l t jTO t«f^s RT5 5 i4lC)j?IGSM 5T ^Ci^X&IC&R 
TOsn% M^cto 

2ff\s%r ^?r i 

^ ^T ^ (+£<•) RT5R ?\**m J7PE5R^ TTO T 

^PTR.*^ <j t >0|<m <TO*n;sf StCTOnaR (TO RT*fR — —e) 

^l<Tvo^© 55 1 ^oi4^Tw «5*hW4 ^n^ql 5RT5 SIR 

Ze-jr 2 5 Tj ^ fepTfo R*fR^E^ (Ccnlrifueal) 

STR miPjr 4 *^ vi ^95 TO <3 v 5^ TO C5*1 I 

<£& E^ft> 5£TO STR TO^CTO 55R; ^5*7^ 

Z<’~ / r'~ — w W -'r (3 1) 

vswiot r r.^5^ro 5F*r;tf fare 5 ^ ^?*rt tot 551 

^ 5^*1 5TOT >i*-to ^jTt 5?tt tot £5 to 1 inst ■ , sh~5tr 

SF-^ef 55 I v£) -P^m (3-8) SR^Ff W«Tlb5l TO 5C5 I 
^«Wt5T TTFffa^ TOW^t mr-oi — mvr ; <i)TOR 

<<> 5^5 &*T$to5 wtf«PPC59f (Angular Velocity) | RWTORTC55 
^5R 'SR^SJR CSR7P RT557 *{$ 

p = ^r — n !? (3.2) 

in 

^’STTR . n 71 = 1,2,3,4 trofa I n 

TO 55 r.rirrr (Quantum Number) i 

TO^TO! ( 3 * 1) Z*X& *fT>G5T TO 

v % — Ze*/mr 

rtto sR^ej (3.2) wfp *n to to 

nh 

2nmr 


v = 


(3.3) 



afra; cti? 
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Ze i bur — « 8 /j*/4^*m*r 8 


TO* 


n z l 2 »_ 
4jt 2 mZe 2 


(3. 3) ^ (3.4) Tfsfta 6 ! C^<js ^TTOI nit 


3 4) 


y 


2jrZe 2 

nil 


(3.5) 


(3. 4) ns (3. 5) C<^ FfaT ^TRf C*T TO^PTfa tCTOM&T 
wac«m r sq caa to c^rsn^w a^an » to 

5a<H TO^aCTO TOT?f « a^anflR ^a^aif^s I Tmno^ 

wra tor" aaafSa sma;*!, ^VrS aaaffo aaa^i ^itwi 

TO r i, r 2, r -\ a^tvo Wss^ WaC«R TOT*f Tto^T TO, VsITOT 

tort ait 


(3.5) 7pft<Ric( caca* cw to i.n tcrogro caa 
TOaca a^Tcaaa real to: i*ro s r?r TO^aca to TOf%, ^ft^us 

TO TO ^vs^lfW toTift! 

^tc^TC^R Wl 5 ^ CW £ ~ 1 TO : ^ n ST©V| WaCSR 

aiPTRTO 38 ‘CTO TOTT*f’ (Bohr Radius) | jfftf TOTOTO 
«*. fe 'TOT ?TO^T TOT TO, TOM TORT ait 


A» 

fl ° “ 4 ;t'W* 

$ac<R a^t-roca fafer ^“aiR str tom tort ait 


(3.6) 


«o = 0-528 X 10-« pfrr (3-7) 

vflt TO a^t? ^ (Kinetic Theory) CTO5 37-3 Sltf.&ICTO 
aw^ TOTTC*f<T TOR m RRTR I He to?tcr<t (£ = 2) Capes' 
i£lt TOaro TOTT*f To CTO TOTOfa TOfa, Li + + 

TORRa (Z = 3) TO TO TO TO ^©TtflW, I 
tor aaa cto waca ( n = 1 )» ^rtc^icsR aroa^r (Z = i) 
tMataa caa to 

V\ = = 2- 18x 10 8 cafsf/cac¥*^5 (3-3) 

<at caa tosttcto cacaa am i/ist ^®ra i 




€4 




$w<>yiOT ot? *ifa to 9it®»rff « 
*tfe >rK<i rsjr i >^vss $ot$ot ?Wf sm 


7p 2 7p z 
E k ~ *»• = im . § = f 


Wfe*r1% ^5 


_ / ‘ Ze 2 

J '* 


Jr 


Zt 2 

r 


(3.9) 


(3.10) 


fesWllM* OT> ^ 


1 Ze 2 Ze 2 


1Z* 2 


£ = £\.-f F = ™ ^ = _ A±±_ 


(3.11) 


2 r r 2 r 

yfsfr^^ej (3.4; (3. ii) p*£<p stc^R^OT « spoti ot> 

*|T$<1 STR ^TI'G?n 3 E1T5T 

277" m Z-’e 4 


E n = - 


n s h‘ 


(3.12) 


otj *rta rr ^ sr ot> *tf$ ^ 

OTft 53 I ^2 3*R ^SfsSl (« = 1) SITRS 

^R '©l<J C*MI(? *ff^ 53 «Sl s ^vs^ I 

fe&w^fS 3 *r «i» 3 *ot w*w ^a«r«f ^ n i spot 
* n?r wr mu*nw E. ^<f 5X3 #i 53; 

(3.12) XVf^cf 'PTT'Q?n 3R 

,, 2tt 2 7/7 7-V 4 „ 2tt 2 m Z-eA 

E i — - n ^ h2 e z _ - n j h2 

3fc n-j > «i 53, ^i5w t^r#OT csm^ srwfsRF *ife zs*f\ 
<VTC^ I 7K3ROT W §X*RS§OT OT> *T% £PT *1T3 I (RIOT 

^STR 7KSROT 5K^f {R ‘r^OT 53 

vsisi *r% <3 


, r r 27t 2 m Z-e 4 / 1 1 \ 

Av= £,-£, = A2 ( n 7 s_ «/) 

^5rs\£R T<jT^d e R 5R 

* 

2tt 2 m Z"^ 4 /j_1 \ 

Wi 2 «»*/ 


(3.13) 


v = 


/i 3 


(3.14) 




5|^ ; ^ 


65 


*r% vs& 5??r '®i3j>i ^isr^i faf*js\3 *nf§ 

v\ = c = vb<|(.tf||(.<pf| | s®^«$? ^ (RW'vS 

wc^ 5 v op^r® ^ 8< 3i<ii?©?<!' i£)<p sfp'®' 

C«fC^ *RI OF® k v $Tv® c ^ I *F5*Sft £jk v£)^s 

mc*m *rc*nr v/c ^ i <£& ^tt ^ ‘v®^»5t ?{Km’ 

(Wave Number) i ^ 3TWRTO5 v **m ktfk ^T 5?f I 

'5T®i£R 


- = v _ 1 _ 2 t T-m ZW j J_1 \ 

V c X ch? (wj 54 n a a / 


(3.15) 


V TR^fJTfk frrpfra fc*Rft5 (Reciprocal) ; 

k. kf. &w, wf^® refsp 1 ^ i srk m 


R = 


27T 2 m e' 4 
cA 8 


(3.16) 


vsT^CffT (3-15) C*NT mi 

*= RZ * (^ ~,17) < 317 > 

R W 53T kv^T^f B^PF (Rydberg Constant) \ fofe^ 

^WJRT 5 TR (3'16) CRIPF W?n mi R = 109,737 

fTfk -1 I (3-17) ^sfk^Ft WW ^l^'iC'SrC^ F¥Ei {Z — 1) 
W *T& 

7 = * (£* - i) < 318 > 

3. 6 : tspfk 

C<!IC<I<1 \®^ 'SR^TRrt IC'SR ^T ^W.&\Z&t s \-'*l c Q t i ‘ !> RRT C ^ 

k§^® kk<jc«ra ^3®*i-*rc*nrcr *wk<H (s-is> mi, 
^r;*^ Tivik^^i c3ic<t<t aT\5*&ra ^ *i^7f 
(Balmer) k®T^ ^tcb 1 ® ^l^lffSFOTST ^ e fwf\ 

kc*^®! ZfilFP ^fe*R I kk V t*IR re sfc- 

CSTCSR OTT*?®! ?M (Discharge Tube) m kwi ks^T® 5?T, 
\sR ffT'fWR (Visible) re«JT?r^T<f *1?<k® vo3«9f- 

5 





33^ v£|^f$ SJT5 35j1<F3®l *3T3T £133*1 3*3T 3T3 I 4$ 

33*^33 $m 


ii _ A 

/I 

M _ 

. A /! 1 \ 

V= A 

L 

m 2 / “ 

‘ A \2 2 m 2 J 

43IW A ^£)3>f[> 

3^33* 1 

sW 

3®lWt C3313 ™ 43 43*f$ 


3*333* 313 ^m\ w>2 ^5 ^1 


W — 3, 4, 5, ^sflfir | 3®f 1^131*13* 3C3I3 >fi5TCTl 3®fN1 C33T- 
^3«*t-3*3tt a g^ffo 3R *tt<33t 3i3s 

4 = 109,678 cRfsr 1 

4§ 3T«T C3TC33 \5^ C3C3* g^<t33 (#) 3KR3 ^ 

^i'^' i 43 c«iw ^l^csicefCHu 3®iW 331333 $r? 

C3IC33 C333RU13 \s£$3 3^T£T >i^ t |7'oiC3 £13T?®^> 531 C3C^^ 
5T^TC®R ^m\% C313* 3^13313 3«lW £33T3^«13 

vs3*3-3*33 d]Vn) sno ^5fp53®J *3T3T £133*1 3*31 3I3> 4F?3 w 53 
‘3R13-Ca®ft3 3«lt^1 £331' ^331 <^3^1 ‘3R13 Ca®ft’ (Balmcr 
Series) i 

*133^ 3*1M 4^37*1 ^TR'G '5t33^T<3 3«TWi C*l®ft 51^'IWH 
' ? f3^7%3 IWCff ^jf<Ffss 5C3C5I 4W3 £fFsI3*f£3 ^R©91% T<fb^ 
3®!^ C33IV3;5 43* 43*f£ ^5^33 *3131 £131*1 331 313 I 

TOT— 

vri^sm (Lyman) og®fts 



4^ ta®!^ 3®fT<rft C33I^f5i ^rfvaW*1sft (Ultra Violet) 
‘3T'Q3I 313 I 

313T3 (Balmer) ca«fts 



* 1 TC*R (Paschen) Qffcftj 


1 


1 
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gTC4t> (Brackett) ogcftg 


v 


— R 




m — 5, 6, 7, 


mic<T 3 ^ sfM^s sro §tow ^ e fwf\ 

^ &m\ to i #r *raro^r ”2 = 2 , 

3, 4, fafer SJTSlto *TOl 4WSI WTC4 ”1 = 1 RW (Final) 

*m 1 to*tw[ 7f^«i to \sttot ct ^ c tWt wto^t ^ 


\sITO 



TO 


**l*^S* ^ TOFtl OTI^JH 0£f e t s i'3jl TO I TOR #f 

^<r|«^aMT^ ”2 — 3, 4, 5, £T^s f<jfe| 4^^ CTOP ”1 — 2 

5^ TO^fWI TOTO TO, TITOT ^W^fTO TO 8 '^*^ 


v = R 



^5f i ^ ew^?<rt ^tstt^ c*r«ft?r i 


”2 — 4, 5, 6*, ax^a ffe mfa4 PC4 

”i = 3 54SI TO^«I ?K4TO?T TOT m*H aST'ft, ”2 — 5, 6, 7, 
STffvs TO**!*! WR3> ” 1 —4 ?KgTO<f 

TOT CS^, ^sTTfe TO I 

cto?t \©^ to^toI fafer ^<1^1 csf 6 ^ ^*tf$ (3-5) to 
WTO TOW I tWT^faBT fafei WWI^T 'oTTO 

^ii»upfa Tm < iV c> o to^ioo ^!<h to?*t i i ®irT i T 4^*f®r^ftfT wic4 
5^r 4*f*iwi *K3*i*i i£i4 ^4fi> Tt>^r *tot f»TW**f 4m toiw i 
£TO<T ^ TO',to 1 ^=T4tpT<T 2fW£ TO*IWra t£)4ffc 
*rf$ *isft4a«l (3-12) WPP *fet TO m<3?n TO 


E n = — RZ 2 /« 2 

^OTTO?l (2=1), WS WTO! 
E n = - R/ri 2 




08 


*iwn«i;« w utat »iftw 



C4T?J 


Tt>5 3.5 

WwT ^ e fwf\ Off e ffa I 


(3-o) to cto fafer csm> *fo ^p*t^r 

«r^fs |4 (Horizontal) *^T to^ 44T SCOT I <4^top 
4*TT S3 SI$C&1C$R <JI Tto^' (Energy Levels) i $$ 

*rto sthc 4 ^n ss ‘^-str’ (Term 

Value) i (3-1) SI'^'IC^M MwT *lfe*OTtf WT 

44T 5TR WT S&lte I i£5?t *f?¥C4 ^*14!^ 

C«T*S (Electron Volt) 44C*P SWlto 4<IT SSI 44 

ferwifo C^ (§-FsT) ' p fto c t SCB§ 44ft> ^4 

C'»l«'i> ?<i'«<3 3c'»Cffl SWI fes fro 4lC<| , <l I 


3W f s 1^2 1 ^-C>5T = ^C« 
=• i‘6xio- 12 ^n^fi 


. 4-8xlO~ 10 

to srm x i c^ = ~3 qq- 



*I«R; CTWT ^ 

5fTil*rt —31 
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*i$csNtwni vms *iij*\s«ki *rreii sir 




*ife 


(») 


(§-ff»T). 

1 


- 13-58 

2 


- 3-394 

3 


- 1-508 

4 


- 0-849 

5 


- 0-543 

6 


- 0-377 

00 


0 


>5> f t ^S *lT®>V£>W^ ^W-SJTC^ '5|'V0<1 Wf t£,<!>?S fftsi^SR 

*j*r ^ *wt ^ri to'to to ^*r w 

fairo fag^ ^ ncr *foRi 3RRi kfe *Tf$>ro<j sic*fi 
4$^f TOf 3 c fM s i' ^ 

«TR ^ ^T (3*0) Ika ThR^A (Vertical) ^ 

fe RRT fef *t Wf TOC^ I *1% FWf TO ^ST^T sfo fa-R^T 

*rft*©<J *rf^TO >f^SR TO, ^CoT ^KSSR'Jl^®! 

fe ^RT fep*f ^I¥l ^ OT*IT 

sr uf CTOR^rsr y\%m n w <u^co «itc^ ^5 

^ **fsPTO<I R*t1 ^T^WTfe «n^ I « *I*R «I^ 

OtWM *F*I^ S?r, vc*R SfWITO ^R«fR RRO ^R 

^ 1 *i*r w — co ^ } \s«r *rfi<r sir *n*n ( E = °) 1 
^Cfft<pa^T^ vc*R C4 r 64 £S|R> >i”<lc^ bCci *R; 'SWTS Ch\\j 

^*R ^RTCR^ *RR <Flf&2T S|^ To TOl (3*12) Tisfl^eR 
?hwj ^j^stcsr ^Rsn®!^ c«irj 

Mb^ wra SRI SOTSR^ iffta SIR *fTC3?n *R. 


/ 


£« — £1 


___ 277 s me 4 
— ~#»™ 


= ch R 


C, h ^ R 7f^«m^R SIR £«TR> I 7R5^ I 
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nipt ifto r 



2 


2 


Brackett 


Paschen 


H^H^H y 
Baimer 


I —* 1-i_ 

Lyrron 

fEF5 3.0 

»rf^ro fro i 

wi'p « = i *f%- 

*^3 (Wfe WW) ^Rl^sfR ^ I ^T<jq ^ y \sc<<3 *rf$ 

^ 1 <4$ ^oTT ^ ! aH ‘^r'olf^-^R^f 

^T ‘tfSsfa-^SRRSTf (Normal State or Ground State) | ^ 

C*f^F SteWa zjs &bt>\s<i 

^c®i ^.='l < r>a«-4ur.<r- *rf¥ t*rreq <><Ka i ifj^ t*nf3a *tfwq 
I — ehll vjr aiftj^s aiTSCCoT ^(.«1 <ph«sTu ‘'TPTFq^ C?R^ 

TFKff M^fi to *m *ram;f$ ^iiaTdvs ^ i <<$ »rf^ 
^feyiOM *RJ5CT«f^T (Ionization Energy) I 

4* SIR 57^ / — 13-58 I 

#f <s T?RT c q<T $WyM?$ 13-58 %&5\ 
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*1% CTOffl 5C5, ?Q$ 55T5 ^t<l ^ 

*rf$ ^(.q<paHTu to i ^*fiC5i«j ^fj? mtm 

*ff$5 *lf5TO 20 §-E^T 5$ t *Q5 5515 *RT ^5RpW65 

5E5 20 — 13-58 = 6-42 i ifc *fo ftp? 13-58 

$-C5T 55, ^75£®T ^wlu *rni% CSR15 5C5. W'^i TO CTO 
TO 5 ^ 35 I 

4TO5 ^crtotoj C5 5 ^ sj<p*n5 ic=T^n^ w cro *t% c*ic^ 
TO5; ^55 TO *rff ‘CTORM^’ 55 5T1 5TO$ \s<R 4 ^ *fel 
TO TOfe (Discrete) TO^jfw C5TO TOT fer1*Ts 

TO5 SOT5R 55 5TI CT^SRI 5^ WTO iOT'tew 

7i = x >'TO<5 ?555ta' «IC5 C*fTO 

551 *T?3FTO5 4§ TO«TC^ 5^1 Um TO ‘fe5f^ TO*f 
(Continuum) 1 

5T$C8?ICBr5 CTOR 5TO 5C5T W.<P I 

?TO SOT £ToIC5 45T $55 C5*5T TO^T TO I 4 Ft5 SRCST 
TO 5feSTCTO *RRT«C?5 TOsfN^ W15 (*wfe fTO^T *ff$*TO) 
TO?*TO ^eswSirft *rfe 5*5f5 TO k*jf$T^ WTO (Excited 
State) i $c®fovo WTO «M C5*rV5 efTTO 

TO5 5T I 10~ 8 C?RTO55 5^ TOT T^<1 faC5 TO5 l 

4^ ?T*aRC«f5 5TO TOT MwT *rf$ faftRW fas^ TO I 

4^ , ®TC5 5l^WTC'5R 5*l1oi1^ 5^N> 55 I TOYR] 5l5d^lC©r5 
‘ 5 1?T5T%5 5 c rfffTt'8 TO^^foRTf 5^ 55 I 

vcfv^-CTOR 5Tv5I'Q TO! ^‘ ! 1TC5 “55515^5 R.(, c ’i<pa»'i(.<P 5S 5T^ll5^ 

w«tt ms$ ^cnsT^vd wto fac5 51^51 m 1 55 T to srero 

<?*K.g 1 ^\5T5 ^£5 ?5>\5T 'SllcTO^T'S 5>5M ^IC®1 l<P- 

CTO 6 ! TO IC^PPM^ *4lfclT54 W5T cto* 

WTO 5*355 33F5 “5TC5 I (3-2) TO^fe 5lt^TO5 kfe 
5«fW 0a«ft5 TO^W 5®lW C5TO 45* 

5M5^ TO 5C5CW l 45TC5 C5 5TTO 5«lW 

C55T9|^R:55 H 0 , H y H y ,. gjv^fvs SJnsWW *5T5I 1^05 TO 

55; (3-2) TO'tte'Q C»^K5 l ?TO 5C5C5 • 
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wi; * 

*n*rt—3.2 



«2 

v (Plfa)~ l 

A (^nwfo) 

cTT^TFR 

2 

82,258 

1216-0 

(«i = 1) 

3 

97,491 

1025-8 


4 

102,823 

972-5 


5 

105,291 

949-5 


00 

109,678 

911*8 

^TSJTC 

3 

15,233 

6562*8 (H«) 

(»i = 2) 

4 

20,565 

4861-3 (11 3 ) 


5 

23,032 

1340*5 (II r ) 


6 

24,373 

4101-7 (II.) 


00 

27,420 

3647-0 

*fTT*R 


5,33 J 

18,756 

(«i = 3) 

5 

7,799 

12.821 


6 

9,139 

1(1|,939 


7 

9,948 

10,052 


X 

12,186 

8,806 


5 

2,468 

4-05 snt?R* 

( n i = 4) 

6 

3,808 

2-63 


7 

4.617 

216 „ 


8 

5,141 

1-94 „ 


X 

6,855 

* 

116 ,. 

(3-2) ?fT<Teft 

esjre 

Ft *6 w 

«ntsiTR ^ e fNr 

(Ultra 

Violet) 



c*j c t s t^ pf^nsiH ^8^ «n^i 

EWTCfa ^MC gTl fog (Infra red) ^iWs W& l 


3. 7 : f?^^Rr *m* smnr 

(3‘7) faff Fffa OT $&SfICBR *1^11^ #f 

wn?i n — s «iT®w 5C5 vs>i^c«i wffc *r% fafasw 

?ror a«R?r « = 2 ^ » = * »®?r n ~ l 


i srfeR= 10 "' 4 c^rfsr = io 5 ooo 
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n 



CM 

ro 

1^ 


rO 

CM 

1^ 


1^ 

_2 

< i 



fra 3.7 

iwi 7mm I&cc,^ i 

^TCSSTO 4<r£^ I ^«RT 44 ffnc^ « = 3 * 5 $ ZWJ$ n=l 
5 ^?'Q wspsT«f <p<tc\s nr<;<j i £f«ra ws ^ fafer 

t4*fT fao' 5 ^ I SR/T 441 414 40^4 4M ^SlltfOi v »‘i 'Q 

v -m 5?i i T h <i's fi i?i c^fc^t 44f$ sns 4 c fi®r s t C4*ir f»rs^c ^C4, 4 rj 

v5?T«^WW v ;ti *RTT 3T4 I 

^31 == V 32 + V 21 

11 — 4 “iTs^ C«IC4 fafesT "if^vsRI (» = 3 » 

- 1) 4Fr 3R35TC 38, vSTOT ^15^1 *[£ 

v 41 = v 43 + v 31 = v 42 H- v 21 = v 43 + v 32 4- v 21 

um ^^5TT«q tfC4 Ui^ fapw C4*n<T ^ra«9f- 

*K*rfl ^IW^X'4 CTTflf 4<Rfr W 4Rf 44TI; fas^ C5WTCT ^«^- 

*n*i?n to <ro 4^ faro: (Ritz) Um^\, 

c^rrri 3jjq *n^f i ^^-wnT’^fcrer *il4fW 

*11 £"44 T'oTvSos v£|tt \s«TI 4|lT<l*4>l4 4£44 I vst r < <5^ 4||f4*4>i4C<l> 4«1l 
2^ f^^-7TSRT?r Sj\i><llH (Ritz Combination Principle) i 

^TR£TT&4T £$TC4 W4T 4PS1 £4 C4RRRJ ^ £5^4 44 >T5^f 4jT^fTT > I X 'S^ I 

3. 8 : $*TC4 C4*E544 ^4? 2F5T4 

^mT OT ^rmfaxs W@RHV|' He+ 4<pf$ ^l^CSFTt®R- 

^fTn ‘ 5 T?RT% 414 C4*K44 ^4H (+ 2c) | vflCTOT 
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*fww 4 « crop *ifawi 


(3-12) c<?fC4 n *lfe TO ^ (Z = 2)g 

£ _ 2‘7t 2 wi Z- r 1 for 2 m e* 4 

~ 722P = W 2p“ 


TOft ^h^Thno Wtoiou *rf$ 

TO*l?5 ^ I rfq n = n-> «rfs^ WC4 » = «i5^ 

«lfa*>s>M &®14 &hT&I TO*I*r 53 vsRjC^T OT ^ c ltT^i1 OTT 53 

to w*t-3^rn 53 


8** me* / 1_1_\ 

ch* \n? n 2 2 / 


5 1\2 r, i to 

fro «2 TITO fc 51WH *f3M ^£)4 4 c fT^ CS^ *fT'Q?rT 
TO I (3-8) fe i£l4f6 FfTO 5t?TC5 I 

^fT^ 6 ! — 3, 6. 7, 2nffs> »iT*>vo<l ?J i — 4 *"ot3 

SRcT CS«ft4 ^oTT 53 UScft' 

(Pickering Scries) t §*rcgg TisThimef tSRTP >3$ CHTC 8 ^ 3 e lfaft 
C3TOf^ro v53®*t-toti 5^31 


for 2 in c* n _ 1_\ 

7 h* \4 2 n.: 1 ) 

2-7T 2 me 4 /I 1_\ 

ch 3 \2* n z ) 


n-, — 5, (», 7. 8. 

n = n 2 /^ 


^WiS TO C3 3^ »-* 53. 33T Jl u = 0, 8, 10, 

SFffe, » 44TS *i?fa<TO 5C3; « = 3, 4, 5, 

5t3 I *l^S3TC £Sr«rk 343 «£I4^ 3FS3 fafel 

etto ^«5t-7f<«m tops r*jefk ^faf\ ra^T'^t^rro 

fa ?tTO 5^31 ^IFSI *fena 4C3 

pwn to t3 <a?n a^n 7 :^ am 3TO 53, fay sran ^ : $r?a 
aisf^'Q 43 t tot i (7<iW3 ^ TO^n^ft ?4>*^ 

3T4TO 4«TT 33 i 

^ TO3TC33 TO®! <3 T^fTORTO C4 S B4 ‘tJu'I 

aT«[%n cTOiw vot^ ^;yiH 4 ^t ^ m C4*a4?^f 

5?, tot W(& c^ili? 1 <j>^\»s 

«FT n *IR I PF»Sl4i!l ^ fespl^CHa TO 



228 | * Limit 


IONIZED HELIUM 
Extreme Ultra Violei Series 


r~ 

ro 



H~> 


l r< 

-A —> a 

CNJ 

CNJ 

r j 

fo 


fra 3 8 




CTRf ^ 
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1836 ^ | iy<7i$H*i C^SC^T ^©<T <43 OT I 

3.C01<p£W 3 '®C33 'gs'HlSi 4^ C3*ft ^Cfff'Q 43T 

•w i *F£cT ^c«i<pa*i i?w ^rr*rc <j>3C\s «n^, 

(,<q>»|j<p^<3 34^1 44>T& ^5 'SINK'S 3R/3; tf~fl^ 

^3-FP5C3s (Centre of Mass) ^ i (3-9) 

te $Ce14fo (m) <3 FFEFR (M) Tum^ C T^p q& 


m 



fac? 4£ t F3 4^ 'qi<J\s^ I ^THf ^ 

^fWsT ^ ™ vQ /, ^o ^ vQ 

3TRT*f ^3 ?f«fTO M 'Q r > vsI^T ^-f^T'^ *R$3T 


'Q <^*4>- 


^©3 'Q 


r.«T^n srrer 


mr x — M r 2 


m 

r 2 = r L 

^ftf u$*&$ 'Q $w«>&W3 srcsrra r, ssi^r ^m\ *n$ 

r = r x -\-r 2 — (1—j-m/Af) 

43< C4W fe?lt C3*T (<*>) <©3- 
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w*ew to i 'stvjh mmi m$ TOsm 

(Angular Momentum) 53 * 


p — m r{-to-\-M r 2 2 <t) 


= m r{-di (1-]-?>? / M) = 


m r 2 1 o 
1 -f m fM 


sjw to /x =-^— = r —- ; /*w ?|ctt ^ “ntors’ to’ 

m-fA/ \+mfM 

(Reduced mass) i ^RTT tore *nfa 


p — jjL r - a) 

sn?q w <:to no w *rto Sri ^ 

t*R *rto?*5 ,f '© OT »* CTO M OT TO <a*TC WffS C*R 44^ 

^ www tor r wnc*^ 4^i«>i<r to*iw ^TFitos ^?r i 


^ r- « ^ 

« = 1, 2, 3, 4 ^rrf? I 
tcroter o w-sw^r $*ra tor*fisj ^ 
Ze-jr- i_~ in co J i‘] = A1 oj 2 Yj 

Ze'-jr- — /Liar’} 


(3.19) 


(3.20) 


$ctoi& 44? w*sw$ srtorfs 


1 Ze' 


E h — \ m >•, - or-,- £ M Y r or ~ l fJL >' J or -~ y — 

TOSftorfe SOT *' — -Zc~lr 
^44 *rto toro sot 

Zc* 

* = £ ‘ + r = " -27 


(3.21) 


s ff flqsgq (3-19), (3-20) (3-21) CTO ^fl'OTTT TOT 


E — - 


2.TT 2 /A 


Z-V-* 


n 2 h 2 


(3.22) 


(3-12) 5ffl^?TC < Rr TO®! ^eRT 4*4WT W4T TO W W*KTO ?fto 
srj wit) *ito*ftosRsrc# (3-22) Tjsftowtcrotosr 
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v54 ^ <14 M4 SRI I 5i 34j\Dg 'iJWCS fer^TTsf g;<|X$4 

4054 4R 5X4 


R 


2tt 2 jjl t H 
ch :i 


Rg, 

1 -j-m/M 


(3.23) 


i34IX4 5XE§> '*)4 <? U ^ 4*3^ X^EX^ X^Xti 7475474^-9^X44 
4R I 4414*44 (3*16) R » = %TT 2 me A /ch? 474 i 

<^5JR CTO ?4fel *rf^\sX44 4X4T 4<44X44 W fas44s 
44^1 X4474 ^4 a 4-4<477 5X4 


v 



J \ _ *»Z 2 / 1 _ 1 \ 

«2 2 / “ T+m/^W « 2 *; 


(3.21) 


44l4*44 (3-23) C«fC 4 C'f^fT 474 X4 f47547?f 9^74 # X4**EX4*4 SsX44 
lj>34 T^v» / 4 <f T s Nr I X4X5$ m <<M, ^44 C4'EC4<1 rfk, Sffa^ 
f4v54T^ S,4X4>4 vfl^ ^4^ X4*f1 54 47I Ws?T 4^4174 4R 

447X*T SltegflWSR <44° ^14^4® 15^747X44 XTO <47447 37$ 
i?n= 109,677 C4f4 _1 44? fine = 109,722 C4fa -1 


(3*(i) v5R^Tf £jTf^ 5l$X^7XSrX44 SRI 44^1^4 f47547*f 9^7X44 
47X44 (109,(»78 CR^T ^ 4?X4 $3X9i^ 47X44 ^,«7 4?4fo 

41047 4141 IC44 X*k 6 34 S N»T 5 T , 9 f97547?T 9^4X44 4M 

^3X4 Zm 47X44 4?X3 4*3^ ?4X=T 414 I 49 X4X4* X47X44 ^4 
4^7^7 <51790 E^J <»1X9 347f e f<3 54 I 

$X*79*#X49 ‘4f4 c To ^9’ (/*) <579 3^5 <59 44 5'G979 

SRJ X4 i S4 s 4o '»n 1 54 f4v54T5f 9^<4 X4*l1' 541 <PG4 

?44ll4? XHT«f^ 15^797X49 4 e lW X9474^=79 \s4«4-^4T7 41474 
XTST 6 ! 3 ^ 57$X3?7XSfX49 <5R^3 44^ X9974;far9 <59 5 4-9?9I7 
^TXWr ^4 X4*t^ 54 I 44 s teH<1 *9797 4$ ?997T95 44^4% 54 I 

3. 9 : 5 l $ E&lff ST W4 <ST?1 <$Tf$X97x£l3 v54X^f?4I4 

3T9*f<59* 57$X^7XS7X99 4X41 E^79*4 44474; XE3X5 37047 4741 
4XE9 3947 e li99* <59 (Atomic Mass) ^ 4474X4 374 1 49? 
2 a-ra.w | *>|$X&IXS?X4<I E;fS ^1^X41 X^l3 I 39479199* 

<59 2 4*35T 5I$X^7XSRX9* 4=77 54 ‘<579l-5ltx^TXSR’ (Heavy 
Hydrogen) ^ ‘154X^4474’ (Deuterium) 1 X4WX4* 4®n 54' 
‘154X^44’ (Deuteron) 1 ^ 57^XS7XWX44 47474^ 4;4745T s t 
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I v£l^ 5ns ^|<\5^ ^c<j i 

C^TTC^sT i£)§ ^ M«Ji SRS]^ ^«lt«f^ £3*17- 

W.*tt *{T<^ «TIWJ; <FT<H 

fe^T*f $fx&3 sn^ *r*& 5x^2 


Rn = 


R a 


1 +m/Al u 


v£J^\ Rd 


/?* 

1 —|— 7JT j iVXjj 


^©ral *!$(.& IO&tWsI ^ M d ^ 2M u , ^v£)^ A’u 

®icw Ad ^nfS ^5 ^ i $mi *n?r R u — 

109,707 C^far 1 | <fTO$ v5*TCIjfa*IIV| fag*!;® RWI- 

wst-?R*m wra*! ^i^i^?w<i csptrj 

^«*T-*TC*n7 I 

fisR^GCSIX© <3 sniV (Urey, Briekwedde and Murphy) 

=tpw sn'csitorc Um^ ttr^t sm <fc<r 

<fsW C3«I79!^?T3 SfFsj^ffor <£)^ 

^ c<j*rr i awfiH ^tti^t ^ c^*rt ^Rif$ ^ Vto i 
c«rc^ ^wi tos ^ ^t'CSTCs^s %f6 ^rte*na>r*t i 
^?[fa[\s w;f$ <rqW c<r*n<j <rpr*fR 

TT?fT {Tf^fT 7 ? W 7 c lt=7^ £3*7 4I3<T> ^nt^TC^‘ s lt^ 

^rawfw f*^«r s«?tt i v£i?f 7 c fr^ 

^«rci swrf'T^ 5 ?r m gri^fvo^ ^&cgics?w ^ 

^ i wj^<i ‘*p*i < k,(.'£ *iT*ri*j <k<i wrt w sji^T'©^ 


^i^o&ic&rw v5?ro^raw.5ra stri stp© sttwt^ 

*3^5 «T^T; (H — 99-985%; D—0-015%) i 
^ifeSNSr* ^ v5^c6f?rsnr.SRI *7*1faft W*lfc*f<tfFSl 

f^efn wr *m \ 


X H = - * 


1 4- ml M p 


V R 


AA = 


1 

Ad “ 

v D 

Ah — A© 


* a («l 2 i»i’) ;< "(«! 2 «' 2 ) 

1 -f m/M D 


1 


1 

« 2 2 


/?c 


«l 




m/M n — m/Mn 

7 ~i TV 



m/Ma <TT ™/M D ^ ^^nj, W5m 

crT(jC. 4' (Denominator) v H IAh v£R trr tf^rr <TO I ^[RhJ 
Mi, *R*fnffr M n gfR[ SHWW C«T^IT *m 

AX - A m - X » 

A A Ah 2Mu 3672 

<^RH OJffffa ^ e (f»a = 4 -> »i = 2) GJTO 

4681 *nrc*gfsn ^<r fem?rar toTwi ^csw 

o vwic&feraicsui H fl ^cjf zf\ ^n«i% 

1 • 28 ^0T\ I R*^sg 'G Sofa ^CTT9ftflf«I ^FTCR 

^>W$i ^(.£?<] n °IRC^ 1IC^IC^RI ^|T<i<!xp!<j <pc*H I 

3. 10 : C7IC9RI ’TPfT*!? ^ 

C«IM<1 ^feSTTCSR ‘ ? f<RT e q?J *RF5R (Classical 

Mechanics) ^<[« srj^j vs^R (Classical Electro¬ 
magnetic Theory) afwsft. vS4SfT ^TT l ©TR^R 

fasiRl SJIMC 5 * WIW ^Jsoo 7(TCfft ^ (Black Body 

Radiation) c*T ^ ^slfava TOR voite^ R^fSfeR C4I*IR1>N 

SFaRPt W? I ^RRRf^ *NI4IC<3<1 Vfwf- 

r^r vsTvij^c?,*^^!^ f^f^RCRR R"r.9f *rf^ 1 r?*r?j \s*r cR$i 

*lte CR W( STR -JRsR RR ; i£lt 5I^r 4TOR 

SHjfa'sR* ’5JF5 37R, v£$ f^ffT ‘STRiRR R^fiR ^C^<1 Wte, RT t^T 
RRInsR 'RRsfl<WM^ RWOTR WRCTR RU® *1%R ^ 

^TOR sfR /iv ^ v£|C^ <fcTT ^R *ff$R CTOWSw (Quan¬ 
tum of Energy) 1 *r^ 4R *fR *>n$R*$T$R *k>0<i RTC^f ^nc®TW- 
'olfvS^o fgsRT (Photo Electric Effect) Tps^?^ ^rWi- 

m ^R1 RJTRiT 4RFs fro RT4I4 <$k CTORIjR SToRRTfR « OT 
(Rjsf H®^I)l 4*31 CR WRRCfa sra W«l1WTR( 

fafei 4RR nsI fef 4|H^I\sV;ci4 (Empirical) 1 

sQR'RR Wl<l RRR ^T^t'^IOSM 5 1?RT c n^ vs^ vSf^lT^vs 4C<^d ^R T'oTd 
* awt»l% ^ ^SRc^R TO C4RHI>R SJWCW^ 

W5R C^R I 'STPTCoT f'o^'G <p\s<p9n[f®T 'SR^fR 

WS C>®IWff I 4*R 2PR ?F5 W *RRT%<T *&*$ 
^C®T4^R4 9ffv© ^“4C\s ^ST RRf^T 4^ ^®K4 

J? f1^S% 4?TT ff^TO? ^IR^llWR 5RT5R 5TPOTT 
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^ITTOfSJ ^ 2TCFTTT <psp SffvS C^PVT *m I 45R ^ 

^ ^t >msr?SRF ^rf^e >n^i«i i *p$\ss 

W«f?l Sf^Nt (Kinetic Theory) >R|^ <3<r|I<WTS 

$cta i <$m§ *fwifw sifa t\**m *iw 

T^'TIN C*T '©'§ ^fC^ 'ST ^5R ^'Q?JT W 

W'eRI CTFCS C?Ht ^ tOI^T <HCc1 iTR ^RT^T ^rfWRT ^0=1^ 

‘ 5 TT'S?n *n?r i « prcqfe ot *i*r ctr«ri>iw R°*m « 

^ ^5 ^R itPWltew <JTPTT«f ^^5^1; 4$*T*( 

^TfiTr^T w*rcsra cro *pntffainrer ?rt^t zmv 

4^c«i'Q T>I i ^1»ns *IT'G?n ^1w I PTR \B H «lT<8 

wi?ih£i*i ^<r fwRs ^ c^rri^r *x*m cro >ri^t 
♦ pntffofiMtF f»i^o csiff s>s?rr i ^rr sa 

?u*fT*n \5^f (Bohr’s Correspondence Principle) | 

( 3 *2) ^c^or ^rsrar uft*f& w ^TRre^r 

'6ih^w ,t f s ^T ^iT^nd <pf c r^T ca f^s^s 

to vcr ^fT°c<H *rri rerarcr ^ 

csic^ w w»fc<y ^tctsr (/) afe*i?r ^t 

SRH sjsflwi (3-4) VQ (3-5; csjf^ CTO {Z— 1) 

^75RT 



2 7T r 


4 tt 2 m r 1 
n 3 h 3 


( 3 . 25 ) 


MlCtfsl ND^ (n + 1) sFCSR ^TOSf C«IC^ « TO?T TO*IC«I 

^ceR^f tot to (>rsfNra c r 

3-14 5^1) g 


__ 27 r* m r 4 (1 1 ) _27r 2 m e* 27? 4-1 

h 3 \ri 2 («+l) 2 [ h 3 * n-(n-f-l)" 

n ^r ^ ^5 (n > > 1), veiled ^m\ fcT^s iJ> fff<T 


27r‘~ w? ^ 4 2w 47T 2 777 T? 4 

V ^ h 3 ‘ ii 4 n 3 /7 3 

vflcror fjTs^ M^c^ ( v ) tc^r#c^ ^?n?c^ 

(/) 7J5TR ^T; Wlt^ M^5[ STJRTW 'Q ^RTSR 

srs^r, wft srs^Tw c<^ (£i^ fws i 



*l*»(M*n ; otrt 
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^lOT?! *n<tfbii« CW^I5I R\*JTR Rl^vsR uq^s v$^rs 
SOTCS I v£l^ *r~$, f^T ^T ^5 tT*Rs <£|<>OTR rstR S3, 

«wk 3f*t ( n + 2), (n -f- 3) $C5R ^F^«r WOT n ffCSRj- 

<p^*fw 5^assr«[ S3, ®tsott >i^.c'S7^ ot**tr ?n?r ot faT^c'R 

3^TOT ^H\s^ ^**fKOT3 fOT*q c r, SOT I TRl^l 

Nsfvp^b^^l?! '5H^ 1*1*1 <£1^ R3 T<1 T<f><1 c t'© S<1R >l Ki «M^i 

«TTOT (3-2 5^) I 

3- 11 : W’fST; 'S$.®i>R- , ’>^isw^id OTI3R&VI »|\© : 

OTTOT3 sfe'ICSR ST Sl&STOTH ?W*\ STCST §OTOT- 

&R3 S^TOTS 3^51 S>TS SOTT S^RT WT SOTCW I vflt W*W 

^ SEISM'S (Elliptical) s^ *(TOT l OTR S*R 33R*f 

3R.<R ^R?t Tats v£ltt >FfiTM^ 3ST vSc£J*T SRR^OTR I ^Rf'fiR 
WR^flR yQS WOT ®FRT W TOTR S*$3 vflSR 43^ 

OT^I?'®*^ (Central) <M fel S?OT ST <Rvg 43* 3®T- 

OTP 5 3 (Centre of Force) 5^333 ^SOTR 3ttfR <11^1^ 

(F oo 1/r 2 ) ^ <©TSOT 3*$T£ STSTS'TaS 43sf£ TjjR<^IS-IS <WnS3 
5POT, ST3 43*fl> OTl<>TCS 3TOT 3 ^OT*e1t>' OTS^T fSOTTS 

otfot 3^FR3f£ <^31433 ssi mi ^ c f ots;*! ot^^ttots 

(Kepler’s Laws) otROT «|S3 T ^ffR OT fSOT WI3TsR*fl®T 

SfS?f^T STSTSSaS ^M37ST333 3^ROT ^TS^sR 3OT l R33T C T^T 

sott ^ceRs#?R ^33 ot^sr sr^s st^fs <ju>ai^nTtaR 

^rrVt 3®T T^l <t-C3 I 33 vST5l STST3 c T'5TOT OT3OT; 
ZW& $Co44§OT3 3^FW3 ^RJSISM SOT. 3T3 431$ WTO WOT 
OTWf$ ( 3 ’ 10 far EF^ST) I 


far s.io 

3OT*W I 

RRaOTT OTR s ^ < l > ®JR ■'T.Jo OT3i[OT , 3T ^STRTOT 

(Polar Co-ordinates) r 6 f^ROT 4 *! ^?TT I 



6 
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*rwt%; 'Q ^ 


5£*T r TOP, *1^ 0 *1^55^5% 55 I ^n- 

< 7 sm<i r ^ e, -fec*i$ n?5«1V\D 55 i ifiwa %«f 

^ITO'W ^ 55 o 27T *pf*\c; £<pT»b«p (Radial) 

r ^ 5^55 ^ hj s h\sw 5tr c«n^ ^ri 
5R *rafa® *tf?Rfo% 575 ^f[<ii<i awfw rf^^vi snc^ fro we5 i 
^ a^l<M<l WTOT *FfFQG (Periodic) ^5 

5^ 557R5 C^rartw *T^ TO PTC5 <oT 7rrc^T erlvilH T<«sR1 

3ffi75C5 5? v5 (Arnold Sommcrfeld) iS^PR 

(W. Wilson) v^wy ^?R I 

Tf^r *^RR*fjcT (Linear 

Oscillator) ^ fi^bRl ^?TT ?TPP I W 5T5 5 45 ^>5 5ff§ m > 45 \ 
45ft> fc*!5 5j»TW*6 C5C5S m C555 ?QQ& 45 >^5 (Displacement) 
37^? * T: 'Sl5C=1 45 ‘Tf?^ Tjsffo^ej 5£5 


rn x 4- m or .\ — 0 

'fl’TO t0 = v 27TV **l^fl>5 c^fepp I ^wtlk WTIj 

*f% 45 <3 t^li*ffW5 TfSTR S 


E = \m v 2 -j- l m a) - x 2 

5?? 5 *Rrt5S5 ^©5S5$f ;> = ”■■*, ^I5<^T ^STTST^T M^ns afa 


5^$5K 


£ = 

P 2 

2 m 

+ X *" 
2/m 

P 2 

+ 

X 2 

2 m E 

2 E/m oj 


(3.2G) 


^frwi (3-20) 5 ^ 45 ^ ^a<;c^ 5 <i i a — \/{pnE) ^ 

b = V (2E/m<o‘-) ^a<^fb‘5 ^ Wfap i (3-2f>) 5^f^«T 

^fa^rart w ffr 5ra«i s o wa ^©5C5*r v ^ 

TW 5 ^ 6 ! *5T5T &*M;C55 §^5555 45tfS UW^ f<]^ 

*srRK55*57:'55 ?RR 55 ( 3 ‘ 11 feff 5^51) I 45>5T5 +[?P 

5 ^^R 5*R 53 v£*R ^ fawf^fre 45*5T5 *F*q«f 

2 Pffflp«l 5*£5 ^[TW I 

45 5 T>T ^CTT f5C*15 '©IC5 *JC«i 575 C5 C5 ^‘^1 < 3 < (.'6^ 

W 5^ *Qrf ^57VSWT5 W*fCf *75 I 

vflt^Ca ^*TC5 T^'^Tb^J C^H Sf^vs ^*1^1 

3JT 5«J1R s \wrf*\ ^C5 RI W\^ 7RC5 
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fra 3.11 

>WSfi7f **FfC*<T FTO • 

ar i£)<ft Vs ^«[fra I 

«3W$f 41K ^R*«ntfT?I (p i£K* •*') *(T<P*ff<F$ *F*f^ 

^^l 7 .?^ I^f'OPj To‘^J<ri<1 ^WFl 3T?T I 

?3aW 57^ 

J = § pdx — 7 T(lb — 7T\/2m / • /^E— — _ ^ — — 

V /»co 2 to v 

(3.27) 

/ f&^flij Tj v i i^ c ^ (Integration over a complete 

cycle) fsrcif*f ^ I ^7?^ wr 373ICW STSTC^ W ST^W 

ssf^ra ^srr ot ?n<jw fef w ^^f$ *r% E = 

nhv ?$\ n ^ < 4 ^fS ^n“C^ v£l$ *T5* 

5jfpf (3-27) swfadW ^TRl, W «T *11$ 

J =$ pdx = nih (3.28) 

n = 1» 2, S ^jrfsf i 

**W>Tl? ^SHTOPT «ri^To PT *|f$ Wl<^ 

37/T STiT^F sq^ h <£& *qcf 9qfcr^<|S| (3-28) 

w;»iiw *rj*i<j x*>oMj §*re7s*qf*ra wswt ^ %hs 
3h ^j]fpf i Tq^j^ *qf£ *rcrro wm 

h ^ i *rw ® vw p, "5Riw «ic3r fer ot fwfe 

(Two Dimensional Space) srr?T \sTC/^ WT 

VfT-seTH’ (Phase Space) i 
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*nm; >q w 


(3-28) TFftwcfpp tsilfaq «rgf 4x*r m y (Mv *nx4t 

43 X4X4 ?fT7<X44 «ffe 4*4**714 X4I4I4S|V| "TS* (E — nhv) 

X4TX44 X4tf«14 ^4X4?7 4**fi 4^3 C4I4R&N »l^ (P — nh/frrr), 

»fvs^ ^iT-G^n 4T4 i 

t3 fal4 *4*44 WW 444 37T44T (3.28) X414T4S74 “7^ b& 'l t ffs 
* 14 * 14 ^ $7^4 (Cyclically Periodic Motion) cw 27X4T?7 444 I 
X4TX44 \sX$ $£g44(jM4 4757414 447 34; 4?54T^ X44*T 

X4ff«I4 X2TRI^ 0 *|fa<jT\8'vs 34 I v£mC4 X ^ X4tf*74 

WT^ 0 tX=74$X44 fef^f 4X4 l 

RXTr^ 44Xvs t?rf44 ^4X4$7 P 43 *tf44^ X44fa4 ^4X4<57 p 9 
f4X4154T 44Xo 3X4 I ^XTO C418R&W *T^ CW X4X^ *77X4 
J — fp 0 de r= nh, n — 1, 2, 3. 

WC3^> 447^4 SR^ITTft #r X4M 4^*7474 t!j*74 <£I4T£ 

d4 r kitT'« | W ts ^ 4=T ?4*ll ‘I'M, Ns!$.d«i ssi4 £4^=14 '©4X45J 4^44 34, 
4|v£il4 Pe — S^4<P I 4XX47\ ^R4l *77^ 

/ = § Pe d& — Pe§ dd — 2t r/? e = ?>/* 

^T5ii34 />* = nh/%7T 

^*7X41$ 3X^ X47C44 iTOWf *T®* 045)144*7 3*2) i 

ifl§474 §*7<i;*5I4l4 4*4*7X44 SRf X4I4I4&4 *7^ 4l 3X4 X*f47 
414 l ^XTOI $£®74tf£44 t mT*fm 3X4 

£/, = p;- j 2wi — /?* - / 2 m r- 

i£47X4 Vr = mr $£r|4&»4 t47*E4 (Radial) <©<^4^, 4774 

Pe = mr ' ( ') 3X^ ^T4 W*fX«f4 £4tl®74 ®4C4*7 I 47X5f§ *i)X , 4X3‘ 
&W&44 474*474 v£)4? ^ T4X^*7 44414 SRI ( r , 7V) 43K (0, Po). 

^ £57T?T *4147^X44 27X41 Sr 4 I $^PR-W4C*Fsr|£\M X414(4l)|57 
*T^ 3XS? X4 474 £474 4 > '$ <4*7414 y 4T4T®4^?®T *I4‘74^5'»7X4 
(Periodically) 7 R 744 4?X*J7 ^fT44T7s% 34, vsI3dffT at®f^ y 4[47\£44 
v£l4f$ 4£4 C4l4RbIX *7^ 4T4£4 I 4$ *1^ 3=7 
§ Pfi dq — n Q h 

9 44sf§ *4RTC4 fef^T 4£4 (441 r, 0 §NDllT«f) 4174 V« 

4X4 q y9TRI^X44 7P4?4% ^54X4^7 (447 Vr»Pe $5Tlfa); 
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n a ^k^jt i ** 1 * 1 ^? ^s'stm c^ca - w^fi> wiiiMi5w 

*& i 

§ p r dr — n r h (3.29) 

/ p 6 dO = kh (3.30) 

n r v£)?f® k *r;*f ^n^t i v£i otsi ^«rra^sr 

fcpfel 5 (Radial) F£T?TRT>R v£R< wk (Orbital) 

(MM 5TIS WEIHbT*I *t\*0T n M 

^iT'sRC'©* ^*l<i < 'Ql4is C^Cfl c4i?IMIjR 

tfC?fT5R 

3. 12 : ^*TC«R ^ 

^rf^fiT 'oiH'^i^l *i*h C4R c<r-'aiT^^ aer 

fsRTT 4C3 U*R vsi^ C^'lT'R 5 S^R 5 I 4IC$r3. (3■ 30) 

Pe *K*W?£« *m *RT *fTC4 I ^44 

2t Tpg = kh, ^<n p 9 =kh/2 tt, k — 1, 2, 3, 




3.12 

2WR WWfel ^ ®RI >t^RJ 
§*!«,«I*M w*w fe;^f I 




m 


*Rnn% 'S ww 


k = 0 to JRT, ^RH vsHOT $C»l<wto« ctffoF ^ 

= o^ ; c^*sc^ sf*n fer srfwfar 

ferf^ ^ff*rc^ <s i% c ro 32R 1 

§* 1 ^ 5141 * ^ikvo'h*^ tc^pta^ u*m asrro ^t 

W& *fliR W (Eccentricity) ^fif e ^ 

vsi^csi 


\/l-e 2 = b/a 

v$R1R o <4^ 6 ?i«rRK5r (Semi 

Major Axis and Semi Minor Axis) 1 ^sirr (3-30) TisffaRey 

ww -*iT'©5rr (A- 1 5*^)8 


V 1 - e 2 


k 

n r~\~k 


k 

n 


4 rift n r ^ k 11 c*trt 3 jzm 1 n *KRufeF 

^eTT SR 2WR (RRRb ' R r^sr (Principal Quantum Number) 1 
n ^j-ef srrjt SjR, ^RI«[ 11 r <3 A* §ns 7R§ R<RiT 1 

$rt<r w^i> Rsfiwf crr> ^tsrt *r& 

b !< 


a n 


?PR W*rsrf£ ^I4I<1 SR, e = 0 55 ^ k — a $$ ; 

/o SR; srcfa A* — tl SR I CTCS^ k *£® SH^oR SIR SiC^ 

1 , ^Fav£R » v£R R 7 TRR >i^Rj RW<3 ^ P « 4<t T<T^ 

R'^RJ STH^l^ST n=l. 2, 3, ^Rnfpfi ^TRT?f RCS^g » = 

7, r + &, '»|\si£R 7? r R\*lJ|ibR RR 2£C< *fI/Tf; 

<fi3 R*S5RT STR^fffT SR »r = 0, 1, 2, 3, . . (n—1) 1 «^sg 
R\Rdf£^ (Corresponding) sir^T h — u, (n — 1 ), 

(n— 2 ),- 1 I fafeS n $RJ A* v£l?h ?F®RT 

STR^f^T <qRl(.e 1 <3 *l*ll<i*Hl < hT'»£i 

>l*‘ i '®l<!) ^TT'G^TT RiRS 

ft _ 1 2 3 , 

- y 9 - 9 • • • i 


(3-12) fey fafeS n <43 CW fafel ?l^Ml 
PW SRtS; **Ffca8 C5TT§ 71 RSRR* ^^R^S RT^R I TO 
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5S3» ®*w»!a'©i ®'c U$*f\ 313 i k = 1 34^(3 

&jtst>t ^3375 ' 5 rr<3?rT 3TC3 i 

W*fW ^PfM&T C3TT> *[fe 3£3 


£ 


£ fc +P = 


/>r 2 , pS _ Ze 2 

2m 2mr* r 


(A. 1) SWT 6 ! 331 5X3 OT 4| *T%3 3R 5X5§ 


27r 2 m Z- t A 
~ ~ nVi 2 

*» 

wsfre £c*m>b<R3 wtt> «if® 4*4l*i c413RTjT3 3*33 /•■ 43 £n3 
fa^wfer «rcr, c^t wririjw 3\3tt n 43 ^33 i 

WT3T3 5tr st^ 373 (A. l sM*f*S 

5®iht) 


ri 2 k 2 

a —- 

47T 2 m Z t'- 

4«TT^ SIR'S C4T3H(>W 3^TIT * 3j33 

fa^3*fH 3^% C4 |<]r£w 3“3TT k 43 ^“33 331 ^3C3 SPT'G 
3 STR C3T3 \^§ C3^F SITS ^T3 3^St33 3WC3 3 
33R ^3 (JW143 6 ! 3-4 g*$4I) | 33S5f| «■ 43 C3 ” 

3<3I4 ^S37© 3T'Q3T 313 ^r3 SfC\si3^3 S3P¥ 33T3 5X3 43° 
^it33 Srt'hi4?b3 r^C3 ^T4a‘W<I *ff^3 3313 5£3 I 

^“3^33 ^TI^T53T C3X3> C33T 3T3 C3 3313W=35 ^§R^3T31 SHS 
^C814aC33 ,t lT^ > 'o33^T £31X33 £3C4 SIT'S 5 ^3^foT £3C3> 

3Rfer 5X31 33X5?t f3S3^ 3 c fM S l'G *r^ XTO 43^ 333 5X31 
3R®3 C^3 W3T 313 ^l£c§TC®R 3^ “333^3^3 3 c firTt 
C3T3 3T ^ai33-33T3^TO ^§13^313^ X3 33W 3 c tVt)' ‘3T'G3T 
^5T3 3\X5T >iTi<p (Wg«Hi I 4^ 33 ^C^3 T'oT^C'® 3®3^T 3 c fl=T s T 
C33T SPS3T SP^sSt^ ®T3 X3X4 X33?3^ X33T X?3X® 

^<331 3T3I 3^T T3C*»W«f WsT 3*SrT 3 6 t 4 M S l3TS^ 3X*S3 
5TIW5 f3X*3T3 6 ! 33X3 Fr3T 313 C3 5I&W7W3 3I3T3 
Sft^ 3 c fW C33T 44^ 33, 4t33>Tt> 3^ 41^131W3Ws 3 6 lWt' 
C33T3 W3T3 I 4^3 3^T 33 3 e fl=i s l‘ C3313 3^3' 

(Fine Structure) | 
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si&aiwra s<wf\ tswra ^ atas &*fos4 

5p»'WI ^PRW 2WW upf*l *K<H Wp?®. I figfa 13 §*f- 

5T5TWR W W^W* ^ 

^r vsr wi vsre c*J*rt 5?r ct *>ii^h?i$ch<j ^ <5R^rraft 

Nsra ^ Twi c^ft^b ^rra i ^ v©^ v c^ca s^wlci «q>T*i<pi3 

W? ( m o) 3*Wfln* (^sfo^W 

8-25 5^)? ' 

m 0 


'-fl’^HCR c ' ^i(,®1K4<5 | '®c"<5^ *K«1 ^Cs14aHlS 

ansr-wu wswi w r sw<s ^rw fac?r sns, ^©*r ^r§ 

< J 5 * i t s ‘ p fSjf$ 'Ef?^ >iC<1 ^TR I <T s ^ s ‘ 9 TC^f?r i 

v£l^ (3-13) fe Ctf^TR ^ I ^oTT 

* ' 5 f?R^gR ’ (Precession of the Orbit) i <gj£ srro ^5^- 



%5 3.13 



'S)?Ht>G f H I 


*K.m : m^R *Qrf* T-wfovi %k ar^ tw w*tt 

^ I 4$x?\ '&MHba1M*l ^FC^f ^< t -^i<Hn <S> RT^F 

WlT'W (^*Mt>o-H £^5f) «H«T\o'n® £t'S $11^ 1 



CTO ^ 
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R^f fa'SR ^>R s£c.«Ra*lIi5 <R*gRR ^r<Mt^ «5 
*fIR v»R ^R I R*ft 57T*ft>T 2[RI» 'SR'TC & 5J&, 

Stcci^a^TiJ '■©R R*g(.<P*l *I\© 'STPTC^ *fTR, 

&iT*n>r $*R^r<i cto nsi ^ r i R*ft 55 T*j£t 

C*a|»CS ^/Gl^aoR ^^RI^cR C/^I R*ft sR I 

i£j^ '©|?| # 'lb s 'H -JlT^ ’SRI 3RSIR 7 P fcs *f^' 71 i£R SRf '^‘ 5 R^3- 

ujattts rtt> *rta *ifon«r fer ^n 

S^ps^g *£|3t f3p*3R© C<I 1C<5<1 ^T f?RiR© 

C<tfRS fer I WSCWI/5' SWT 6 ! WUZ& R M^Ij n ^K lc 

7F*fST ^R^CSS ^.^'4!JR<1 C.STT^ *rff 


E 


n, k 





(3.31) 

(3.32) 


« WI'J'1 fa# Wf 53 W.W;CM S^’ (Fine struc¬ 
ture Constant) | (3-32) fafel WfR 5IR WCW 

*fT'G?IT 3R a = 1/137 (313)1 Rt5S£ ot <<1 3r^53K (3-31) 

srr ^rts siri fwfa *prfar sir 373 $ ^ i 

*t*rf6 ^CWF 5RRPT *lfe R SIR *TK3?n 3R ^T RR n^§ C3R 31*9 
SIR RIR ^fell &«1<(>fiW3 ^ sfes 

^1?t wrtsf WTH fc ^1<T $*13 fa5*3 ^1 3Q53TS 

n;^ rrh&si wm («f wra fafer ws'swfa 

§rr>&r< *rf$ ‘ 5 R«TC?ra csirf ^r *itoR 53 \ 

RR ^ RIR ST'S ThTh'W 71 WW *fto©3?t^1 RT 5R 71 

3R*TR5 ^ 3W$Wlf5 ^5Rto5 *^R Iwfavs 5R 3RI 4R3 

5RI A; tor 5?IgR«|T A: =’l, 2, 3,-«| ^ *fa*5$- 

?qfa (3-i4) to c*r*TR far rir r*it 3R r <^3 

A; *itoR9qfa ^h^st fc ^ ^fcw «trr i 
'fl^ITCR OT (3 • 14) to v£l<pt 71 ffe A? Tps^- wj%- 

S<r^?aR nR’^R *V?T5 Rsfteicf (3-31) c*rr 2fT^ ^C^R 5n:iJRR 
2^5 ^5RR TO ?tll I vam?T l<JI^ 

»»lto5R?f 5TC*fl 5R55lC*Rr SFRT RR ^ C«RR 2IT^ ^«lW R*IR 






wT ST'o'iW 5 ,rc.^iwH 

*lfe>\2><J >^(.3.3 f<T57WR i %£$ f^5T- 

srr<t ^ferrc ^sqyi snm 

CTT^fR I 

*rc<fsT<f ^pRT?i cw $$ i ^ 

(3-14) fe fwr^ **m wnn ^<n smwi ^n^rc- 

«ra^f ^TSRT CSf^R H (l ^ r T felSRI WI CTO© not 

c^ \s^i ^R^nra *£& c?tct<t 5h« = 3 c«rc^ » = 2 *1%*^ 
?FOT I ri = 3 *]I$>\S<iTlj f-£^?b ^*1 ?$>££<! 

fa^lfes 5C?r *IR, *TT(?f<* ^ C^raR^W TO * — 1< 2 ^ 3 I 
'5TR7?f n = 2 *ff^<m> R^fi> 5T, 

w 5 ^ c4>rii5?^r 5R^nT k = i^r^i & s r*rf$*©?- 

sqfani sjcm TRgsRxra s?ifi> Mssr *p*nw sp^ c^rra 

5 >sm ffi&s, H * C^TT §?ff£ RTVRI Iwfe^ ^<3?fT 

§1w I v£J^ ?FsT3T EPfT*tfsT 5?rfS T-WI,^ «W53? K ^T fa???^ 
z&m i ♦raHw ^ht cwr *tr c^ H « wrrwfv 
?w ^ i ^<j ^h«t ^*1 ^ ot otot 

3R93W «rte *(tc<t to cro wk c4i?jri5r & 
-sTf^cTR? STR =tl 5?T; ^rofaqfif *« i£RS k r ^t?T WRIR&JSI WET 
£TT<i[fa*F <£PR RR S[R 5^, WOT OT^fT C^c <P TR^ 

A* = A,-*, = ± 1 


(3.33) 
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(3-i4) far z*[u$ ut*n to u\ h* cror s pfo aq (3-33) 

'q^TO'l ^s *HC3; K — 1 Z*K?$ 

kf = 2 , (Ak = — 1); k t — 2 csr^j k f ■-= 1 CA& — +1) ; 

= 3 C«W */ = * (A/v = +1) l 
m<T 5TT I TO*I *TC3Wqfa (3-33) I (3-33) 

TO ^ ‘Wt^T-^’ (Selection Rule for 

Transition) | (3-14) fe ^r^ fa<f[5H VQG 
5Rffsr*f cw *tot Mb^si 

cto ’M fac*f*r to %om i 

w*(T to ot st$c§r^ ^«ftcfk ^ ^aca 
^ICffllTbVo ^<T are 7 ^ •JffoTRT *RC*T ffo* CSR:«T S*TI 

^i^ivst (3’ 31) tojc*ii afea?r cro 

TO«*PTOT?I TO% ^<flTOTC?r afafa© aTsfCTO 7^(i 
s»M *©TC3 C*IC=T *TI I ^ ‘TI^fsTCTO ^T^f SCCBgj $lC»T<I>£jM<J ^T" e f 7 T 
(Spin) | ^ TOC«t (5-2) ^TR^n^T <RTT ^i 

toIs ^iijwb s w jtotct cro aero; Wf5'H (Tfsftrot 

3*33) SSK^a ^|t>H ^ TO'G TOTO *TTORf CTOG 

'5fl < M s ^s ^C?R^ I CTf^foT TOTOFT ^ld=TlTb>o I i3*TTW 
ctoit m Tn^itH a^^Toic^ c<pm c<fiw wcq c<nt«w ‘^rt^ 
w,^' 7\T5j&n ^sT«m tof v^-q i 

3. 13 : *r^r«*T CTOH^W ^pt 

CTO ^\ 3 !5||lK<P B 1 N '5 <3a^'»fT<3'S C<TOH(jI 5T 'S'§C < ! i lC^ 

a^hsH CTOW&W (Old Quantum Theory; 

<£<u ^?r i i£i^; \cn§c^ xpnl^s ^c?r 'SfTu<=i^<? aro 6 ^ 

Tfftwv ms *tot to to fafaro, cxitaw 

a^s aro®!^ cron 

^m'Q <5^ 7 \%f\ srrsr wTsto 

^T ^T^TCWJT 7[^ aro*!^ ^W^fT 

i fa*^ m ^ cro TfFfT'n ^ a^r^r c^ittr^t 

^ ^ e fwf\ ^tr^m i ^sr 
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7f«=?[fefo fefcBTR trrs ^nniT 

Vs® ^ *^rar >i*n»<i ^ i 

^KW ^<3 S.RC^IC'SR ^T SUfesiGBfH *7^ Wl^ ^«fFf1 
GW*l,T®llt ^*51-^*117 ^MlvsH CTOTRTjR ^ C<?0> qcRR 

^T ^«fr®ft C^^Ujfe^I 'old's I fevg &g \sCp TTI^TTRI 
4>^i ^Fo^f JT5I i 

TOFI n<Ro'l iqm ^TO7$ CSRRS ?Q$ 

v©^ 5 u oi?<^ 3p?n?[ w^s 5H5Xst ?ife*re ^ i 

^OCTO <\s'*IH “ToT^ld vpw v£lt 7TW O I wpft 

T<t'S0H , 1 W\ g?f (Louis dc Brogl’c) ^ fera ssr- *f5[ £P 7 *fs( 
TO=7 ***8*nC3T, TO 0«?t ^f^?]T (Wave Maelianics) ^nfeTO 
TO I TO WT^R feaHl CSTlfeTO (Erwin Schvodinger) 
CTOR#I'S1 <J®iI<l l t , iT (Quantum Mechanics) ^ (g*^]fes TO^T. 
nTOo'l ^TtSTOrtf (Heisenberg), fen<p (Dirac) s^sj 

sxo to<3 tfsrttsfs p i torto^ 

nunn ^fto srs iat ^ >ufafe»o i nfew 

o£P SJ^T ?TC?TOf R^TRT ^7 TO I <iRTR *r^ 

<p^i wco no c*r <£i^ h s oh oc^ n^i«p c4H nfo^n 
(Model) ^5 c*prt : TO7 O *771 &5WSfa 3^fo ^5 
sicojc^m ^<pi?i o^TO^n ^ic^ <c«i so <1^1 o 1 TO«TO;n 
^ rfssbld (Interference) (Diffraction) TOfel *TOT 

asrrf«ro tocs <^sr nta?f s®^i)i to wi# 

5pf«TTO TO**f t£W v£ 1§ t*3o (Dual) ^7^ I 

to £*w *ro;n toVt *tot ersnfao tocwi ^Toto, 
toor sp*fo toI’to TO«TO;n s^Nwr O; 

^IC g fl^ - '^lf^ (Photo Electric) fen, ^5*n^T fen, 

^ncnit^ ^wr^rn o (&$*f <3 ^ nfsw? h 5 ^) < 

n;^io^ Tctp sps ^ntn fe^'FfN 

feR5R sn WISHfiw <nI<iflR 

^«q-7Rfe7«T W*R TO f^s^s ^efWNl TOST wT O ' 

n^c W2RT I 

# 1 

3. 14 : fas* S <3 *RfapT 

CTO?J ^ sn:*n W (Discrete) nfeTO^ 
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S£5*HT m CS ?f < #T S t-^W (Spectroscopic) ^Nq c«R 3 * 

*fBTW OT'f ' P 1T'G?IT «TRT I W1MH ^ OTR?*^ 
ffJW « (Frank and Hertz) 

f^TSsRl- 5pf '5R7 «raC*RI ‘‘Tsfhm 5IOT Z?\ *tff*^C<^ 

'&lT*v5Mf3 OTT«f W 57T | 

*nfNFT (3-15) fer OTf*r% ^btcei T 

5M> qra src*n F *rr^r ^*§ <*ttm 1 ?rtra iws 

>i*i<i3ic <k<t \ 6 «^Ti>c<f 'S'S‘9 qFP®iT m 3 rrsr, 5 rrsr 

5R3T i£l<T fas*trs 57-^ ( 4 *8 


T 



E^n) 1 F fo * Q Q 3 srWo P 4^rr> *n^q tw> 1 

vsf-?f% P srcsncw cm p $<$ 

G ijr^q fgjvS (Grid) -s^ UtU5 I T HM# 

M1J? ^npfhsr CTfa 3T CTO CsffM? qpn (m ' !> fWr ^1**0 S R 5 ^- 
5TC^f <fT*IT I G f5T®E<F F vjs*^ 3TFMM 5 *RNR> T^'oW C^, 
qTM fqg 5 ^ \5T*si1?r f^fM *II<I# *W*I 

qsc?T l WIW fsiM 

* 1 % \3bt>\5H ^?r I 5^1r^2 G fgnsf^ <MSt 1 

v£i?i tjtmm 5 P jransrtffc ^**f wsff Uvt<\ ^t^t c$ 1 ^ 

af®ro (Retarding Potential) V 0 Sfi?r 3JW MTM^T spa C?J I 
G 9f]^ $^73 7[5^ e Po ^ C^, 

s^M ^fl P +Ff*5 Z*ft%C5 ‘ !> fO *TT I 



94 


3B3T*i; >6 3f*53 


433 F C3C3 f3S3^5 43fi> $.c«i<pa»i 43 * T ^c°i^ 3 C 31 <\©'sih 
wtc^RT STC«fJ 3f*f 3*3X5 3CI>, ^515X3 33313^1? 

*m z*k& *rre t3X5 toi 3*3re 3f*r W^sn^ 53 , 

^i 5 c«i 3331% ^5^5 x 5 ffw% *rfe nf^n«t 3^; ^f ^ 3 s i 3 c i 
333rc;3^f<3 ^pRi?r ^ 1 x 33 ml ^ral 53 i ^333c^ 

^T^rToss ^c<si<^a«iTu 3?*f '6j\»j«"vs<i > ?[ 433I> ^cen^aois 3*X3 

3*3X5 3T3 53, ^15£eT C3X3RT 3?53T3\5 fewtasl 331 

£3X3 “iff 33X5 3TC3 l 433 3^313^3 

3*3X5 (Head on Collision) ^ ^l<pta3 ^RSl *rf$ 

f u <ro1*l StX^Wlte 5 v 'sl cv sf3'£> 5X^ ‘ p 1TC?r I c<iw« ^ X3X^ 
mrai tei uj 333 x 1 ^ 3 x 31 = 553 * 3^3 ^W*r^ “iff^cs 

*XX3I 3NI?4I<|1 fe&l3»^^3 3Tf3 3^131*1 3fr 
3Wi mp3 4^3 43 s *lffTX53 £3X3* *331 *5C3 

3*3te 3*3313 3X3* 3X3% 37 53. oT5£^ ^ §£5 ! I3 S §£33 3X31 

3 * 3 x 5 5 , g3t ^O'G c^h *rff T<jTh^i*i 53 *3 1 vc^i '5T3 s ter stxsw^- 

t rfv\ *5TX*t 3 332 ^fsf\5 *ff$ k?I G ^riTC3X5 3T3 5X3 P 3*215X3*3 
^3X3 ^JT3f^5 53, 43* M 3133* 3C 5 ?! (Meter) f<^b'| ofvp* 3315 
f3C*r'f*X5 53 1 F 43* G v£)3 3X313 f%53 3 X%*t §33S W 
313*£cT N£T3l3 ££eT3*333^T3 “iff 3^3i X3X5 31X3* 43* 

*£3X31f S5f®<* 33I5<3 3^3i 313 1 ^3£*T£3 ^T3% ^X=T3t33^13 
3>rf$r% tel *lff3 313 333 333T<l^t *lff 1 %£33 “iff 3133TX33 

3*£3 3313 53. v533 4$ ^313^5X5 ^3^33^3 3*X3 3*31X53 
XF£^f 33313^ 33X3 ^£^I3^33^fffT 43 “iff* £4 £3X3* 35J3I > 'S£3 3*Sl>Ii|5 
5tfs 31X31 333 4§3^3 3XI> ^33 3f5312\5 te^#C33 333 “iff 
3331*1^ 33P3 ^X=T3*ltX3 5^i*^f3^ 53 I 4^3 3*3X5 3XT> f&3* 
G '5nTC31£'S3 f35£3l 4| *R31V®C4 ^Wf$ T 313^ 3*3X5 
(Inelastic Collision) ^n 313 I WC5Vg 3f53T^5 4^3 

3*31X53 3^ 3*3 1< “ife^ 5C3 313, 3fW3 f^5C33 (Retarding 
Potential) STSTC^ '5T3T STT3 G £3£3^ P 33te C3*tes 33«f 53 
311 *R5T M 3133 s 31?3 f3£^fte vsf^ 33T5 353T 3^ 5T3 £3£3 
313 I 4^ ^33 > 313 F 43* G 43 3C3FI33 fte3 3C«‘f(.<p 35T1 53, 
‘^f^f f<Xo 3 ’ (Resonance Potential), ^ 3 q te ^'KoTlfb'o' 

3*3te3 3*£3 »Fr5X§3 ^3TXt3 3£3^ 31^31 mi I *TO? 
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'©HC.flllfao ^«Vll(>r7 C^W'Q v£|7fa ^ <*|<pf$ 

T^^HT^T 1 7*^>7 'SIMT^I *ffa £*1177 7>C7 C77, 777 7vsg 
7**fR7* 7<PTO7 77H 37 I 

F v£i^ G <43 srctfi^5i<T tt^ 7 £(£©? ^rra'G sj7C7t$ 

sti5 toi7 ♦to, to<t ^77 ^ w$ G curs? 

fT^T 1w7 I TOT WT 6 !; 7*7^ ^©TT^TijCT* 2177 *I?^>\s7 
z*m ^7 T^Ffav® to 7**i?f *if$3lH set ttti7 to<3 

7f37T7\5 ^coi<pa*HTi5 'oiMi^ ?4 $,iji ^Tss^® *rfa ^'3?^»{ 7*^7 G 
^itifto fc*iWo 57, 777 ^ C7fa G ^ P ^7 twsto erfwq 
f*r»7 ®ff^© ?77T7 §c*rar to P 7ssi5W7 <Sto %&§ 

*wf 57 i ’ 

F G ^7 7^757 ?7^7-2ftfs? ♦rfTT^fora *rcc7 tt^ 7*7 7 $% 
Tww'fa'o \cf®<? 217^37 ^to 7f«i% ♦ft-sra^i (3*i«> fe 
?&si7TC7 cw^r sctcw i vst fos ctot wt 77 w *13711 £R tot 7 
♦ra T7v»7 2^o? T^fe W7 77^5^ 21715 TOI7 7^7 TO*^ TO I 
F vq G <17 5R7I7 ?<\»7 21757 777 '*Jrj^(7-f^vK>c<f<l 1*77^7 37. 
'577 \sfv5* 21775 *1^7717 ^<7%7ra 757T £7*f 717 1 



faff 3 J6 

STRTS 'Q 57^*77 ♦rafafrra ?757 2 TC^t 
47” 217T5 ♦rfTT^ra MTfaf I 


7T5R7 *RC$T Tfffa* 2f7TC57 vS^*! ♦PfRRPW 7^77 <47? TO 737T 
517 717717 7$F7 efT^I (3*16) ff77ta ^fv5^ 217TC57 
7177T7 577-7^71 FfTH SCOT I Ssfa* 2J7TC57 »lW^ C7 77 






*iwr; 'Q pw ^ *itor 
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3^r, \5IC*RI SR ^/TR toOT %*f 3R I 

5 V R^S *RI *R W TOT ^ *ftaf W tow ^ 

*M*R '&M n HI , T tow<f RR ^ I 

ns^ 2RTW3 a*fW(R a^TS a^TS 4<T° gPT ?\53&$ 

RFT^fiT WI RRI ^Nl^FRT 3,C«1^a(.'R “ 1 % Sp*R *m\%$ 

*[toa<T *r^ *r?g ^rtfr toi;^ u\f5 F G- 43 

s^tol - ’^TRR mm *r^RT *f5RT^ ^KZ^ 

*mv are $$ t am vti> e w G mfa *Ri?r to 

srfsasw ^rr *ra, ftok G ■'smtHTt®^ 

te I 5FC5T ^oT^to *r£ wra *rfsno »rfg *Rsn«i; 
^sRcto 5R ‘ 5 T?RT C ^ ^ “ftosl Z*K& RI 5S oW 
*R$to ^ i *r£«u Jiwires aw atota store 

1 toj ^ite G zqk$ P F© tastes to r i 4$®iw 
stor to^NRR giR w w®f ^arr ^rt *tr i >5R n <;ca 
c^ata swtaf% ; RRr srts: aW<i<?R ^ntoiR ari> ^tosa 
7R3TFP Wire* SiRI I *a*fe 45 ^ W?R tow «nf^% 5R 'OT 

«h;wi>t tow* a?f \ 

^arcR Swawmi w wtw* *&§ ^itOT^R a*sn«i^i 

retar (Ground State), sufa tor® 3 T *lf$*^W* ( n = 1) 

Wife ^ —13-6 ^-rei, to $aw* *©w* (n = 2 ) *rf$ 

^ —3-4 ^-reT (3-1 RRcfl 5^)1 “ttoaW* *fto 

amR 2OT 10*2 ^-ren «h,^iw to^ wto© attorn ^it- 
t&rosrwa cw r^tr tow* sir ai'QST *r 10-2 rei^i <a* 
caw asnto ^ 

^JT^ (Inelastic) 7r<V)ire<1 ’RRT WT'P r,^R 

^RVZfT a«R ^C^toc ^R^srR (Excited State) 

toi wiot ^ >5i^ m\tQCv (io _a 
sn:*to ^trrt to'ofl c^tar w«ir ta?w *ror ^ 
toi i? rasn e i; c<iire (3*i4) »w toito v ai 

^s**fRWR «nwrw tarsus (3.5 SR^F sto) I ^to’T® 

«ife tos^R vS^to ^5R^n (n = s) 

<t><rr aw? 5R, m msu 6 ^ 

' zi.m ^j ftota w wr ©retor ^^jr ^r^to %fs aiw i 
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JERffT V 31 , V 33 v£R^ V 21 feffS ^5>fT^ ^ c fl«ft' 

<5 TTC?T I SFTT^P 'Q ST^CTR ^ «f% a^NfrW n5^ 

*RR§ SO^T (Spectroscopic) 

6 «i«r v£)^^‘^ fsTs^^o '5nc«Tfc^ ?n<Rm ^rr w^tr jw 

wiwfl ^ ^sR^mft a^sTf*^ ^r«^it*ro^Rr trot 

tor *m i 

3. 15 : '$TT?T*R T^'»^ 

(3-©) '©m.^c.t 'sitsrt (Tfc^ w awrc~ i%i*$ 

*n*f M^r wr ®rj acro^fhr *rfep ^n ^ ^ri^r *r% 

(Ionization Energy) 1 ^ *f% <fsR|5To C^TT^T 3T 

<jT$RI$t\© SK^^CrR WIWJ >R<131^ ^<JT 5; r w[ I (3-17) top 
^fen^To ^5JR5R-*T% allRC^R Pf^iR 


T 



far 3.17 

^r«r faiR af<RTR Wf^ 1 


I T JM *TR SfflJI ^fa«i &sra 

I 1 ’ *ONo?f \s^ ^Ttsf ^c«14aH f^S^c 1 ^c«1 < 5 i a r l^l J«T^ 

P ^niwiow ^*r ww fa^r (F <£R aarm ^ 

^rtt ^?r f *tr ^r sjtofa ^smt wi p ^ §*r w 

^R#T5|^5T 3 $, ^R M SfW ^ 2 RI^ 

^?r 1 T ;ft<rr<T 5 R:«n ^f*a afaro®! w csifara am aT 
star faRbica aw arca i F ^ P ^a srcai fa©a am f 
Wm, M a^a? tofto aare; F 3 ^ ^ ^) 

^r^r! arsra «nta 1 waT am ta ThT^ fa^a ac^sta ^ 

aaitaa 5R WiT *^a ^ 3Xa aRN (3*18) to 

7 
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♦RWT*IJ 'Q 


^st *ik<i®k wrofRwrar wr zzwr i *rraT 

OT<T 4^*1 *lk«v$'OTJ W«f CT F s£Rt P <£fi 

2/3 



%S 3.18 

&5T«>$H *wk®^ ’iT^vo'OTSl C®T«[fcff I 

^.m k®^ sk®w wr k®^ 0 k) ^rw &r*f\ 

^T^fk ^T<RH <T-^k stfsks *fk ^ 5j«fj^ oiicew v tw c f^ 
*ife ^ i ®wt * s i^n c i;- 

<f=r^ ^m®<r *^rar wk® w.® *&% (i-7 

h*iNj> ^ w '^n«r; ^sra feswsS^kr kfer ^ 5 *k<n?r® 
xsikk tM ^sn i£it kkk> 

k®T«3 P '^(TCTT^B ^ T Tnf®® fe5Rto?T *WjT &;®®<1 5TC3 

^kf *fI?M 

F ^ P ^ srwi &* q $ i?r fakk* k®re ^T^r^kr ^iWf 

*fk ^mT ^T ^3 K<P ^oTT ^TI ‘^ng^-k®^’ (Ionization Potential) i 
®li?H-l-k®« v£l^\ (3-14) 'OM^C^C't ^Ic^iTfr® ^q^Pf-k®^, 
^eTT ‘*r^-k®?’ (Critical Potential) | 

uwz ^f«r% ^rafe nkk® "srra^ k®^ 
5tr rr *rra 13 e c^t^i ' p i^f s N?T wct? srrg 

^I^SIWC^ '^1*H^ W^T v£l^ 5TTOT ^®M ^‘Jff® *TT'G?!T ^ I 
. k®^ ?i**fk% ' ! f^T^kf c«rc^ ^mr ®t^ *r<RTeikF 

*tk v ®w^ '^k®'9 >iw^i®1® ®iw tfsnk© 331 i 
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3.16 : >0 

Wwiod witoi, ^>1 sr^po ^sric^ntw <irr toj ‘afasr© 

^ifa’ (Fluorescent Lamp) <^q 1 TOi^a ^ | ^ <j|f\ss| 

‘3fa2F»T (Fluorescence) T^foiR ^^R favsR- 

*l1=T I WI®I^ TO "rf^TOsl ajfcs^ <F=TOT TO i£t§ 7K*n[faR 

wi ?p^n srfasia Rife to w rfr sttrji \sr 

faaR fe afe OII^R ^r 3R, TO ¥£oT “TOtTO TOTO^ffe CTOF 

moTI^ fas^I^a ^Ca TOR I TO(TO R^fe feTOR <i-TO rtfRT 

^rr?t cr aR stcrt RaR^t^r qcfwft rrt rj*bc8T to-r ir*^ 

Rfe TO R^fe RR1$ ^tfaCRTOf 3 ! (Ultra Violet; ^^c=1 TOR I 

TO SJCRT TOfG RRT affoTO ^Sf^T I SffaSFis <ll?a<l Rfu RCTO 

* 

faaRR WCR feTO ISllfG'WI RRfevS (Barium Pint-no 
Cyanide) rt R*aR (ZnO) rt TOsfelR r.RR 3'fea 

KRR 2m*[ tfrQBT TOR I ^ *m ^R *TOW (Flios- 

phor) | £ffef\» Rrfsa RTOR TO CRCR aifeR?!^ 

Rf*R prj <p\*/<p ?? t lfNra 3[R; RCcT <f)ITO RIRIRRR TORlR^f®! 

Riafe to^ ctor \£fes?a to*to ^nlvo' sri TOR^fe 3 
RiPt <£|^ 'SC'Sl'Sra TORR^sfer ajiTO <4R <TOR aRTO RTaTTRR 
TO^TOI V5HW \oT^T aRT ‘RfeR 3 jS 5WR ^sifaCR^Tt 

'TOs'liR^ ^TIRR fRSR^a RCRI fe^g 7fT*tR c laS ^C'QT©ra TORT%- 

to^ to-r MiarfoR to*to fro ^itcr ( 3-19 fe sfei) i 

at® TO“R CR <ff*R fRSR^a 5$ TO afe ^J§rR 

ailxsc^^fl ancroRR R**n“R tor’rt rr 5R i v£t^ Rf*RR«J«r 

RTRRRaS W^RTR aroeffT aj<|fe> TOR I TOT Sffefa RTfta CRCR 
tf^TIRH anMFF fe% 5R | ^tsR ^ITMTRR' 

%?n?f I-IMa<t TOTOR an^l^ f^S^RTO^ ^TT ^T ‘afaSaT’ 
(Fluorescence) i 

RR a^ CTO 5 SfHT ^7C^ C? ^75tsfa *R*£R 10 ~ 8 

CTOSC^ W TO I f^§ C^I^f CTO TO><T WI'I? TO 

^5^’ 4'a45t^f«T ^UStsfo a[<t^| «nc^ (R'WTT ^^ha ^C®T ' p 1^*t 1°^-" 
WJFP wWaR ^SR v5C'S?^a aR^R a^TOR TOa ^TTR I 
i£l^ at^fT ^fyjc^ TOW 2 JT’ (Metastable State) ^fT 

TO I (Exciting Radiation) ePSTC^ 
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♦nww; * ww 



fRT 3.19 
2ff\s2T©I<T 

*1%^ 

fftN 

^?r, vsisx^f 

fa*5fl5?T fro «1TOS tfFft W TOf I 

^r &m'<$ 'stfmuFz &r *pm *f^<3 »r^f *o 

<&ri\sl^ 3*^ WZ&TR> <t><h.\s <*TI^F I <3^ ®rf\s1fcl <*#(& 

‘v R;a^ <£TO v£)^ ‘^STST’ (Phosphorescence) ^rr 

*irai <q>^^g ^tf^T ®1%2F5 t? smr i ito 

w*ms Iwff ^5 ^t mrf c^it wi 

^IflSRR 3TCT3 W^TT 'SHR^ *PRf '5R^2f\» H^T ^T 33T I 



*lf=SK.fc^Ff 4 

^prejri ft:»is*i 

4. 1 : tesrassft fas*m 

tost C4 c<pto4 torVI tort 

2TTO TO Wt <TO I CTO OTf? Mw 

44C\s 5^4 Hf^vi *[fe §C*T4Sd4^TO feo 54 (3.0 sr;- 
C^r H^O I *tff 4l|C4 CTO WI^ 444 SOTR I C4R 
<F$C4 TO 4T TO TSTO TOTlTOf]® TO *ffe 4444T5; 
44T C4F® *fTC4 l 4C4*S ’felTC 6 ! TOR TO44 <pvg CTO 

tc«T4Sfa fas4?s ^4 I 4$ *R4$4C4 tc«T4^ 14344*1 4T 

‘^I^raR fa?44*f’ (Thermionic Emission) 54 I TO^TTOTTR?! 

TOT'S Wrm *FTT«f CTO tCTO&fa fasWT 5£® 'TO I 
^RVf^HW ‘RIRW-vslIw fagTRef (Photo-Electric Emission) 

wr 34 I qvSfrTR *few ^ ^ SfTO *R4T>4 4*TOi fa*t4«!CT 

^'lC<?1lHI 441 3C<1 I 

4. 2 : silicafsRH 

^b-yq 4TR ®n?fR fawrt 313^4; 54i\ (Heinrich Hertz) 

4 * 4 ^ '5T£r®nf i, f® '©ic<i ^ h^to Tsbii ; ®nf^4T?r 4 gir i taTd 

TO 4 C4 rf\> ?44<rt® 444 TO^4TC<R (Electrodes) SWJ4«^ 
*4TR 4f? ; 5|fTO^fl (Ultra Violet) ^({R1TO4 TOT 414 TOR 
4^ 43CW$ 4%«TO14 *r^4 TO ^fsR^T (Spark) 7^ 54 I 
^nRl4*fT4 4T TOR R4 43CW ^.JeT^T ?ij°£ 54 *TM ^4 ' 9 1C4 
3R4T4R (Hallwacha) ;q-R4 Um^\ TOR C4 W5RF 
'5TI4R ipTO t>l4?\£><l ^TvoCq^pft ^TRlTOIT® 

TOR FT4?TO WsRF ^TTTOTO *ffasn*r TO 4141 TO TOlTO 
TO'S C*F4T 414 C4 i£)4fl> R14R314 F 4% 'S| < k>c45R !i t meTl44TC44 
4R 4HN4 RRTRR ^nf5/4 54 I C4C4 C414F 414 

C4 'i>llc®1lC4^ 34TC4 014?'® C4C4 TO1TO ^^14415^ 

fag^ 54 I 44 TO <S<44>T4 'S 9fT$a>5T (Ulster and Geitel) 
W H^'SH teff eTO TOR C4 Rlf\54l4, *fljlfa4R, M®r414 
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wll (Alkali) *jt^ PTO ^o«9R^ WI^T'8 ^tKvsI 

^rt«9|Wi *i*to *r?*rwR ^rrcenw-gi otictg vs$i;i ^ c m^ sttir- 
fa§?i?® 51 i ^iotiwi ensrci ^«!w 

fcfSHW ^nCPTPF-Vdl?v?'®' taT (Photo-Electric Effect) snilT 

t*r©iT si i §*rci if«fo iilwi^r z*tu$ sreTisrrc si ci w 

S\^f\5 JRFSTCs-^f^WI^ (Electro Positive) Jfp^ 

C^Ca ^l(.oii<P-^lTvij^ felT 1**11 &\s <pais SRI ^a\s<i ^l«‘>tfrf1 !: 5 
^iT^M^hT' m=TR^ »R, ^111 PtlfefTSt sr^f\5 3 jE5<51 
^i^<p-^5fewf s }' tfflgl U^U) ^ s ?|tsr£l'11 W^ilR ^ic«1I4 

Scoi^ R«T I 

4. 3 : ciRiGB'* *R?m 

^TPP-olfvSNs iwn f^TSTf^ ’efrcfw ^H<r 1 
*H;i fal^f*! <F£<R mfSWCT i^Rl^ i Lenard) ?nW WT^fH 
flSIKt 1TC=T I Tssfa Cl l 7 ! 1HST1 mCl IlSlT® 

>5[TF>ffa^p ^rr*f[rT (cjm) S51 (4.1) fej CW1R SCIC^ I 



k4i 

'*nc< ? n < p 'oiT^>vd fern mem farsiT^ ^iT^ mf e i4i<i 
fatfdl ®RI C^RT^ ulmi 

WIT | (U. V.-^fvs^^fr ifal! 11) I 

B i£j?pt^ *m mi icm w’ra msrciT ira^r mi Thriiw itit 

sii ^ nesi m:*n c wsm fwr icin 

m ^i B irai vam?$ ip^ im mem mi i;i «efTiNp 




*nc«iiv-*if<pt fas?Rrn 
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(Quartz; ThIV'o ui^hIs (G) *^r[t | sf^j ft^ 

'ottaw^l*^ ?frsr C vdT\^ w <Mc 3?T '5lT s> ff\a\s 4<TI *n?f l C 

A ^ v£]^f$ 'of\5^ra, C^5*s(tffT ^g 
^ 7 SWT?f f^H siic<*> i A \5f^ h '<i'^c4 “htti ?<^c<i 3 $ i 

c c*wiilw' A vSbo\©<i *Rr*R> far»M «rtw i 
moTTC £n»IC<T c CQJ^S m ^rf*PFI fa*1% 5C?r A C’oTO^ 

t*rw ^?i voicra srwi m i^g<i sr«n fer fasf\s 

^c$ ^r<Nc<i ^ d 

^ 4t<n 

I>' M4lV<l 9RC9T *WQS 3TOOT ^ s?^- 

2m^ fa^favs 55M 

E nraTto ^ csN^ w.*i\ ^<t *tk^ m 

cyhwa 2m^\ 4<tt *rra i 4<n *n4 pr (4.i; to 

csN^f^q ^T^otcm tai i a>N^wcs^ 

2T®lt^ ^'TTW f^i^S 3X?T v£,4?S ^m\^\ ^STifft© M*t*$ 

*iw * j T?<jo^ c f ^ B sifter nk<i^ E swm ^*rar ^nnT^s 5311 
^<T E t>l4'f\i>tf 5TC«9T *K*I^F <44f$ vcfv^SRT^ 

fer^ ^RTI 

cmtM^f f^rn^ ^'rw ^nrR^fe nfesn wrar 4rprr*f 

R fa^cf ^ | R <nT>n*f R [siw 4nt<rti4- 

nr 7 ^ ^r c r.«^4 (, ! m 4<n 

*JWl ?jfjf C vsj^ A 1*3 SRtfi m^f 33T E, vsi^ 


% ?nv- = t*r 

cB^Wima : ®n?R^fe toT*fNr 4 ^ 

^TS 


Hevjc = 


mr/* J 

“i? 


lilTO c v£!4< T 7 ^^5 ( e .^-); ^ nM 5 ^ 

3R ^*=44% i£14C4 ( e.m.u.) \ vffifi C^4 


nT'S?!! 


ejrnc = 


2Vc 

H-R- 


(4.1) 
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'©k *fkim l, TOl SWffl ^FC?R W WfMlT^fTC^I *K«T kkfcl' 

*rr$^=T c«ft^ w ^k^i^kr ks?i^® ^ ^c«i^a^ 

IT^ST I<P^ n R I 

wwic&'fl ^kNFT tog pwr to ft c 

W3FF fTO awm »TT TO *RF5FF k®^ acsm 1> t>l4fes 

*tkks tsk^aro to to i ^ to 6 ! *i^tt fro ^‘m a \$*r 

c rack to to to wf fcswfrrojsra 

kw'tl ^ ta to 4<k A rak tw ^nsjsR erks?® 

^ i C rak *rtw k®<t wfs «nror ^k^aro: 

*&$ to to i ^ <T3 t to w wro <- A 
rak^k shitor k®^ acrou to k ^ri K to§ 'ktTO 

kW (Stopping Potential I t ?fk C r,TO fag^ 5;®®ST ^TO- 

t^fro ^ to 'v ®tto »i*k: tot farce® *nk 


*wfre kero kro v 0 toTc^ wi ^®®*r ^tTOk<fa« 
k^l®*!^. <J(TO fa>TO TOT A TOk® C’ltaft® ‘ ! TTO ^TTI Vo 
3 TTTO«T®S TO e®TCk TO ^TTI ‘ s kkl CTO 

W.^fT TO C3 ®|IMi<^TC®<T 5R6T JfPTO bl<r-T® CTO 51 ^TOSk^T^faT 
k^; nkro ^k*tk titoto fak® to ®tot<t ks^ra®r cro 

*13 w <£<kT Tjkn TOfa® k*^® i cTOick *kkT 

TTCW C?^IT TO ^T vifa <l^’^*i ( ? mT 'SUCcliC^ ®kTO 
k®k TO »TT, k®% TO ^Id^TIM TO^kTOk ^*RT l TO*^kl 
TO ewfa TO. v m TO TO I 

&33TOT?fJ W C C?fk ?PR <XW tTO OT*T 
^t ^t. ®^r »T7 Ti kro <n^n A TOk'ft' 2 t®t^ 

vsrkk ksTO«f m 5?M 

c^sricsk ^fki?i <t;^ ks^«: c^r 

v rn 15TCWT kffTI TTT^RT elm k®f?T <FTTO W 

(»iik<j«r 4.1 H^kr) ksTO«f ^ ^t TOf^i 

(^RTCvSk v£TO TO>S ^TTO ^<fkf CW TO ^ 9f^T- 
k^?T Sf^kTTST 3J5TI TOTO-^Tk® mTC^ SHST T^l^k ^'.<1 
®kro ^fsr, ^*^rtefk ^ i 



fsrs^ncn 
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CgHICvSk *fCiI khbi/>M (Richardson) sq (Compton) 

T^'EshI <iw^w ^c?r ^ic®ii4- 

\0|TviJ\0 tal >1*^1 c^h 4S2)4 ^To 1 <? is1*s|»l '*M,J c *SK!> 4C<»t I NSIC^'SJ' 

^W^WT *PeT C^'Q $*IC?T ^IC«Tlfl>xS C^l^{TCv5% fcp**n*NS5f;kT 
^ I 

¥=TT*RsT3 f'Skj ^C?f (Albert 

Einstein) v^oci <£l*Fk *Q5^ ^ 

<PfoH I <32t '0||T<l fc ^NS SfST\C^f C<M$|M'jW 

$*RT kfe ^ Ws?l vsC^I 

kwfk §*f«rf4f ^ fa&SrTr (Hughes), 
fafsT-TO (Millikan) k^Rkl 1P?<1 *t;«k“-sfaie*rar ^RT^PT- 

f|f W^l^SRT WRT 

^^fkpT^kl *R<R I 

4. 4 : fafsr^TC^ ^NFT 

*2s>*& m*T fsrf®t4IW4 W^n (4.2) tor 

OT^TIR I (Alkali) *nxg koT ^rtHt ?prr. 


ot*tr scare i wwr ^rrm 

*n*1WH i£TO ^2f<F]3 


*T TfTSR^ tW^f-2 



to 4.2 


kkr^'R ^r^n^- 

xslfvSNC ks^«t 71*^4% 4.4^1 l 
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*fWi; 'Q w afaw 


TOT TO I P T'sAaCfl >6 mTkw W ^aca 

OTTiforo, akfaro a^fo wla ar$a <*& ^a^k caroifft© 

(Cylindrical) (Ci, G* C 3 t^nf?) a^aa 5 ®TXa 

aica* i ar^ca cac^ faxaa ara>TO ^i^ixai b&\0 ; 5rraf®% 

TOT ^n?T, aXsiasaia ^iwvs'wn ?m «fP§<T lvTOI?I^T K 

*?Jd<?lIik » aF® ™[*f aTO 5OTT TO | v£)3 7Rjs\ 

<iFp Tyrora^TO ^aa®cr ot^ot afa^ia aro OTa i P arcsa ^a*- 
f?Ca* ^ffcjs (Quartz) fstfsi% ca# O STITO TOP, TO f*TO 

fro ^*twr ar «if\s>'«’Frt af*a acaa aro a^p a?i 

afa 5 ^© 'jjala^c.q ^af®® to c^pici?i txqa^ fasa^© aFax© 
area i p aick %a fara ara;&Tca a;aT ^ i o jffcs 

<£)a^ WSWI^ivo *K5rn^ SfrfcT (Collector) C <n*[T TOF, TO f®TO 

fro ^nxro afar aTtea caca* aTOt arcca tot acaa a*ax© area i 
a^iro* ^iTalS $m<r© \©ito to u ^kt 5?r am ^afro 

^TOTIXTO STOa CTO* XTOT fattjo TO *fl I 

a^nroro ^“ca 43 ^ tcroifcnkaa wn ^mra*-©Tfv5® 
aro afwa aro afa^ai tof i ^kstito ©fifer c *srk w ^ 
tojt T<T«« Ta®a ax®? acaia tot tot i 
fsifwrc to aakro faf®sr TO*at?a^ a*a?r ^ttxto 

a?**) aiaro a^a Ci, ( .- a^t® ^ia1a ai^a i^to la^kr caca 5 
v £>ntqi3>-©H®® aar^ akara axaa t aaa®s ®?T5ft?^fi ^aTaaW® 
caxa 'srrafro ^.qic^ ®1d®i araaifa axa f®Ta 
aro: tot afaro axro i to aaHi<a^ am (4-3) fer otto 
TOOT I i£)t te C ^ W ^ s^ifTTO k®^ ax®? aTiSM®^ 

^nOTTT^-®Tfw a^Tc^ afeMvew otto ?z*m i 

w 573 ^ Tncax^ C vst^®iTto tw^ ww <ittot a<iT^ to 
tm 57?I I C ^£i<j ?<j®<3 ^rf? 1 ?K e tl s 9ld i <^dl ^TT?T vsl^OTT a<l^' ^SJX® 
«nc^ ^ TOOTTOT ^ k®OT<5 M?^ TOT (—C G ) aTO 
TO TO I a^: ^cTT TOOT OT kw<£ fjTOTT^ 
(Stopping Potential) ^ I (4-3) 7;^ CTO? TO 

OT ^af®® ^ICdlC^d ssld®! aft C5.14 ^TT CTO T*iT?^ '®a®at?^I 
a*a?x ^tiottt^ toto toott froia k®wd sna ^ra1k#s% «nc^ i 
^5%®t ar^TOTT *i;a; a*a^ aaiOTd tot a^ar ara i 



^tVNi 
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fro 4.3 

f 5 ^ ^ff^Ww^ R“t?f ^f%s 

tmfra i I] 5 i^» is [<][■«?:( 
c^ca '5nc«iii4<i nd'Is'si 1 




fafer #r fare ip f3 s ^T 


^c<R 1 (4.4) tor ^ wr 


Fr*[R 



fra 4.4 

ffe vraB^p^fi 7 ^^ ^rcttot fg*rr?i 
^TTCoTT^-^lfw 2RT5; ‘'if^^CRsf <^T«ffro I 
Xi, X>, A3 M>&W C^CST ^STr^ff^A*) 

^icoiic<p<i ^raB^ft^s i 


sre vflc^cffvQ ^ra®^t p r«f$ (Xi) ^tr^iw <wi?r 

<pc?f C ^j*0 «WIU?F f<|\»<5 ■SfC^TT^f <^<jc<r( ^IM^-^]fv5\s tf^T^ 

wsw Um sot*t zFm *m «« m.^ 
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toin; « ■•ifawr 


^ (—Pi) faesrra fa<»M a*is *t^n zzs *n?r i T*ifa4R 

M'otel *llt®llC<l>* ^>1^1 '57C^ felT'O'o W 

«|IOTI4-v 5TT^5 OTR: *R CJTCfl^ 3RH «(TC^ I km- 

c^n^n c^r c uq^r m ^fferm ?m **t*f-fe*r 

(Contact Potential) o;ffc vflC^T *TRT I P 

stow wiT6kivi Mvi^ ^n?r safe*<M R <4 <t 
3RCTPR <K?R I (4.4.) tfrr*ffe» f<5^<5<5 *£)t 
5TR CWR ^X?R^ I ?5a U*Ks$ C^T^T STITT t*T 4RlC=1 3T 

sF**n^ ?i\5icef, it^twr fe? 

few sPST*!? <H^\s «nc^ I 

^TTMT^-^rf^s felT 7F*K% few *i*?t*H fa^ferfes %ffi9- 
, % e f w^t^oT 'Sn^rr snn s 

(^) 'SJjCcil<^-\E)lTvi3VD Sf<5l$*liS)T ''^IC®llC«H ''£>*ld\Sl<I T*l'»^ WC3, 

wra 3JT <5?I»*tfrrff<fEl ©»R fes% <Ft<T 5TTI 

W tw^l < < §&H fe^RT*! UVX ^T 

fe^RW 5lfel% SfTC^ *JT ^nEWIW* 3 £**TRCSRT (^T 

fe©^ *k<i, vnimrcw ^sfeziRT &*nr fe©*<T ?prt rt i teg fas*ra*r 

9ffi©1?$ (imip n = ej r 0 ) ^iiton'C^ ^F*fTO7W *TCWT ^F 

*nn i v ^<r *rce*r &s ^ferfei *iT<h\s'm<j t=r*ife 

va^f$ >^ei(.<j*n ( 4*5 fe h^t) i 

<*r) «ric&i i^-vo itvbv& fen 7R*rffts stm 



fe 4.5 

MStTOT *$**fRZW3 *RC*T fe^o (TFTO^T 
^W4a S W<l *tfeTofe?T 



4r*rt?r kw 109 

swfrc *n^ ^*ra ^icsii^nro v£j^r <rr$ cw^i ^'4^1 

faprSR^RT 5TC*!! C4R 4R*fR W^IT *fl?l *711 

(^) (4-5) TbCd £®T^fb£lTl> V ~^*^C < ^ v£\4f[> T*HT*t 

C5W 4ti&I ^ fa'^O® 4*' f T[\C4‘Sl ?TR ^?l v 0 , \5T^C5T v o 

^ 4ntMi4*fi^ 4^oT ^raftro 3 }^ *tr$ t«rc4 csfteSt 

sj.cc'l^ia*') f*T?n® ^?r *TT I v£j^ H S H®*I 4 159 fF\4G4 <1=11' ^1 ^tHI-^^fT\4’ 
(Threshold Frequency) i fafef *n^i TO 

STR fafoW ^?TI 

4. 5: 

^TC?r ^IWlTbss ’raWw <®<TO^jT m«TI^ ^fv5^b^M4l?l ^ 
4TRm 4 m qrsr *n 1 ^ ®e^ ww ^4aw *5$w 
T^iw 4®'^RT wr ~5$, *TT3 ^’^R*! 5 ^ ®f^C4S 44\ Ct»‘r*-<4- 
iw «nc«nw?r 2f*n<r en^ 4C3 1 ^ ®3*?rc4 ^n ^?r <®fs^- 
b^*44^S I v£|^ W*T spfW <iH° CbH4(.*4C6^ 

f<P^TOT ^iteTi'w?! ^®13 ®t <w *rf$ 4^ 1 wr <£i4ffc 
‘^n e I^ SPfsT '«ITCeTT4 1 TO 43T 33T, ®*R ®i<I C*f^ *RSTO $t*T4Gfa- 
$d^T ^ *<H4T 2T'ol?<'S' 3¥! 'sf^WKTCJ 

f<P^H (Amplitude) ^ §C«T4sMl> ®\® C4*ft *f% 

4t?f 1 4>l0§?^. <53t ®>§ fa'jf® $.C814atH<l *fff ^IC.c'iid-'t"^ 

vs 1~ 3®|<1 (Intensity) 4^T ^fb® I T<p^ SF^® 45 ^ <®T 

^ •TTI 

'STRH i£l^ '5R^n?ft ®ll(M!G4< 4* ,? fT\(.4«l ^^1% C*PlCi>l 

Rcei^aw-a ‘’TfWfir 1 r®% <rit \3Tb® ^ i t*r e4r 4 x *iT“C4?r 
^IC«H4^ 4<1S.I3 4^1 C5H4 «TT £4*T, ^Cc^inT^ v ^IC°'ll4 ^®4®5T £*2IE4 

acsrasfa *rf$ trsr: wra w ?m z*m ufz 

c«fC4 M^r ^ 1r?(% ^'Q?rr ^fb\s 1 enfsr w *rfv 
5W5J ^«9f-^5T?T (Wave Front) f<v^^ 

^W4^9f^r ^n?j\sw to, ^sv£w ^ifvs 5^tT^ 

^T4ter ^RJ ^T’llw ^; *^©<TK »lfe 

^44K^T C^?T W I ^C«9Rf ^ ^4^4 

fra mrfe - ra ra, t> ^r af® 

4? ff^rr e r »rff ^sr; 4^® «m4; ^4?ra sqw*& *fcn«r *i% 
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aa W3: otpp M^sr ^o area i *a*ifcs »f& 

V^a^s SffelW PfIC&l ^C«14a«i fR51% 3pa C3*f U^\ RSR «TT^[ l! 

VsIsnsi <W i£& »Wt*is afasfta'G W PT*!^ ^ I 
^ n 5M Prcafe pt twR© a^s *rfrna af^a*^ i 

iflaTCR ^l<J t£H>?& ^SfT ^CSI^fWT^n I 'SnaT^vs ^«9f 

< Vs §4 R<f Wl^ (^a3 RSJ^IR flRTT 4C3 I -qM03?$. faC*R 4c?l < l i I^ 
fest4§H WFF *fm ^51W"R W faa% 5PT, ^Ri^T 5Pt RT. 

<iiaaR ppm anaa ch^ I ?r rp*r> >\sr cac^r 'soata'S 

^i(.<?ii<p v$u$ *t% ^c?f Irsrt^ i >i^<5i“ 'SiitenpRi 
^^oT aT^vo'W*! R*Pf fRSR^ PHOh $Ca<pSw<J R<aRT af<M^R 
^n<r pfr to*i er$ i f^*> a^sar^ m<mc<M ^%st mysnsf 
fasR^c RWJT« w& i 

4. 0 : sri$=!■&!&FT* ^riPIRS-^fiFS’ RR^hRR; W51^si 

SfNS^l? 

^foa^/f VfZ*?& PI PFTCfr ^CoT^T^R <j;i>15V| fasR<R 

^fvs*rf^ lrnv m - = e}\ ^naf^o ^ICSTIPM WTRPFst (v,; 
43RTP5 aiS (4.5 fei 5^)1 af<R^R 

1r*rM*f® *<n?n aw w rtrs 

cV 0 = a v — f„ 

^^TCR « <£R\ £» *f^t> l IviToRSR 4R" TO<3 '«n:RM» ^ 
a<ffai t rtit afiisna w wan pi « a^ffor sir *r <ia*R 

CTO RSJR 53 4R< <£& SIR m?S a^ h £<J 5ITPR RSCa RSfR | 

^aaaw e<> a;a _ 4?ta sir fafe cro Ife i pt^t 
aipf pi 

<?T 0 = hv — p(> ( 4 . 3 ) 

v£l^ ^IsfhRC 6 ! arftf v = v 0 =zB 0 /h ^JfR ^ vcI^PT iRS^s 
tea *tri ^rr i ^a^ss ^ipnc^a wfR^ v sir v 0 

^:a^i ?psr ^r ppic^i ^ca4a»i Irsr^s 3xa rt i v « 'X'tRi- 
^ar^’, rr w a^ ^cm w ^pjc^ i 

(4.3) ^Nr®^ w ^i^^i^cRa Ri(.ar4-v5ife\b Rsfiwr 
(Photoelectric Equation) \ 



fas^RW 
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^^>06 TflM ^ ^l4'<7^ ^34 f^J 4£4 WCW.4RT 

fl^o Wtai <44 ^754 \s£^4 3*o|<HI 4E4*T I uq^ \e'^C 4 ^fl 54 
Rlt«TI4~t4l4HbR v(\«><j!it (Light Quantum Hypo¬ 
thesis) | 

* "sn^rar *Q?f (3-io s®^) C4 ^oo 

Tn^oT 44 <^<i 1^1443 (Black Body Radiation) ?F 3 f 4 % 
4T334 C4isimor SFo4T*r <K?RI nsT<T Ky\ 4¥4t 

£4 nsmfo^ ^nw?R?r s 3 i RT*f : N ; [ 4f c [4P : Rr5 444 

4°?:3 *1% UU^ 4C?r \o**r *ii%4 *tr <£i4?i> 

<£I4C44 37*!* 3^54 54 I <£)^ <£)44C4 ^TT 54 3l%4 7 44Rt>R 

*94? *94 STR hv 34 | ^^TRRt v 57^ ^1T4TK4<I 4*3T?4 <£,4? h vf 4 ii> 
?^W (WT?4 4^4)! W4G v£|44T3 <£)T3C4 4R I f^R 

3*vdN 4C44 3^ U4 RTCcTT4 <94° 4f«14T4 5R;sn *d%4 RR^ 

C/'PlilMblTsi'© 54 4T 44, ^4 £3t4 3l%4 CSTft -»qT®T**f IT 
(Bundle) '*)i<]iH<i f?T3% 574 ^n/on^ >l4ffft43T 374 '31344 37,vT 
4IC4I f&4 TO <J rt f^4<l 4°T CSTC4 1%3% 47 =t£ 4RR<1 fsf 4 
5M 44 I 3l%4 *£lt 4*1344 4T 3;l4^l37l4<75 4^4 54 YTpT^R’ 
(Photon) ‘4JTC5TI4 WRI^TjR’ (Light Quantum) i gftf 

^ICOH'/M 4*3R4 54 V, \sl^T <£)4f£ 744^44 3l%4 3f?RT3 hv 
54 I 7.4R IV^T-CND *lltolK44 VD'laol Uv4 454 f^fTvs Sffvo 
WLWtB ^|I(.3I(.<P<1 3?43(:44 ^T'scICR 5 3T?34 <£144 C4£)*K34 
^5374 *3T3l7o7s *9^473 '7 >IIjCH 4 4x3374 (§34 | 

'!>iiR'i 8 5i5tHl *9^ 4*o4TW4 1VR377 o ^TC=TI4-*ol1%*o f44T fciM- 
faf^o ^«T54 4TT44 44T 43»4 1 54R 4Tf4 (§34 4*45®T 

W3fao 4443^ C4T&R4 4?C3 474 441*3 4\o43^%T ^ gT 4&R4 
4?4T4 ^4 I 5R5T <£1^ R4 ^C«T4^ \sTW4 ^“44 ^T*4lw C 41^ ^4 
»f1% (hv) C3T43 4£4 I #f ^41l)w<l »rfgF 4T^4 
^r,eT4^R4 ^“W C4*ft ^4, vsi^cel^ <£14t^ CW^T ^C«14'- 

1R3% ^.c^d ’fO I 1 r 3% 317031% 5jC4 C3iT^xO' 

3?^ hv ^ 4^?R 3% e <£ 1 ^ Jf^f^ ^ 3 H 4 ^P'\o 44 ^<l 7f^3 ^RR I 
l mvS — hv — e 4^4 | (4.10) ^R^c? W 3 T WT T$ 

^rm ^.ei4a-i3^Rr 3lw3 w# 314^0 toi w 

4^R3% JTt"-!^ 54. \0*R 1%S4^o '^CffT4^3^T4 3% 



112 


•nrow; * stop 


to i to 5 ?*^ £o to, \5itot frrs^vs c*prci>r 

tef ^\5sr *rfe to 

irnv m 2 = hx — e 0 

£o PR^mflfor TOT TO < f J 7 w fT t f^?r TO*T (Work Function) i (4.10) 

<«$ *rc«mfi> toto frowTre m*rroT tot to \ 
at© m<K«5 U°o?^ cwfr ^^ s w<i wit fa^<T to wiSot 
^tt*tto tosrt i croc*^ to uv*f\ jr'w cto^t 
TO, ^ot CTO* 5 ! V35R «TTg SWPRf ^'514'^^ TOT 7KTOTO 

’twtt'Q to i froro tot to w ^■(c^n^-^rf^ m\z 
^tccttcto vs1toi<i $*rt fro% to, *n ^^fsw ^<to to*# 
Wife*!?!* i 

ct sj^c^ f o ^f«jTO<T »jfp^ >8 *£i^t& 

tcroster sir*n to, tcro^MS *rcc*T ^rcc^ crofts *wto 
* rfe m to k^i% to i 4ic«r'5 ^iic*itcto wro 5 ! >q csftcSt 
^ctotscto fasTOC^ To) cro toto «nc^ jit i ‘‘T^fhro 

*TOT CT tilt Iwcro nT'3?JT TO V5T tf^C^ C*WT CTO I 

srf? ^SJT^tfssss mcTTCTO TO 5 *!!^ Vo~ F 0 /h ^STTO^T TO TOT, 
4>I^C=1 wiMUjeld *1% TO 5 ! *1% £ o <5TC*W TO TO f 

tflCTO' W( ^TOfT^nr^ TOT TO> »TT CTO, CTOTO^ CW^T 

tCTO^T Wo?Q5 TO ^ I TO*f C^TTO *f?TO *rfWT 

'suN TOT TO • ^TCSft ^.c.cn<F»a-i^1^T<y| sfFjjC^rCTO TO 5 ! 

^T£«l C^fro ^l>ic\5 ‘ 9 TTO -TTI 'o 5 ^ ‘^bHI- 

TO^TTvCTO’ (Threshold Frequency) ^rfcsCTO tfWFfr ?&$ ^TCTT 
v£l% '»|C<J ^fTTOT TOT I 

ifl^lTC 5 ! ^CsTOC^TT^TT C*T (4.3) 7)5f^TOC c I?T >il3jCTi ?fTT\^ Sf^CTO TO 
Tftfa ^TC? faTON TOT I TOlTO«f CTO *lhS?!T TO 

l '<> = 0»- (V) < 4 - 3a ) 

3TT*feo WfC^nCTO ^nC^T facro f^TO K 

*lfm>'ltt -v£)^ CeT^fsS ^T TO, ^ITO (4.5) fel<T 
TOTO^T i!> fT'8?rr TO I \£l^ TOTOTO ^ (Slope) 

(V g ) ^^rnt$?r *ito i (4-4) ^f«i% to 5 ^ to^s - tot 





113 


fsrfcWR \Q§ 'sTC<T (V e ) ^SRFR I $C«T4&R <5TT*TR e 

SfRT ^ITCW, ^Ta<iR 4$ *rf<m*t WFF h -PfT^ST ?R5^ I Mg f <frH #4 
fatfSRT ^tMsTS- e 4<T STR *rf?TC3T (2-6 ^SR^tf g^) ^ h = 
6-55X10 -27 I WWIR 207\^ S^4W<I *hT< 4» v5IC^ 

SfR 

h = 6-625x10“ 27 

n^I^hJi^cH*} ^Koll^-^iyH^R '^lccil<P-NsiT^ v ® 

fiRTR W ^TRIT WT >[*•''»<], i£R C«fC^ ‘^f'T^T-Sf^o^’ 

^F^R'cT £$R ^<H"l*f SfTC^ R I 


4. 7 : SOim 

<5n^F$I^R<T SOTM 3^ ^R- 

3^*1 "^RT W«fR OTa ’TOS 

srr ^t t*r 4500 va?®?rfrr*ft ws ^ S^rt 

^RifercsR xj’r ^tf^a w ^?n && *rk ^‘ p fTR s ' 

*Fa ? #f Pifenffl R*mwk ^?T E 0 — 2-3 ^15^ \5\^m 
CTlfeR WWF fo?|% ^R^TR <^'*1 ?fta*fk ^a OT? 

T*SC<li^ T«qv»<R <TT ^a ? 

'STFRi SfTk R (Fplfrw-sl *tk 3X^ 


E 


hv 


he 6 - 625 xl 0 - 27 x 3 xl 0 10 w 
=- T- = TTn 77~i a— i ‘jT77~;Z _.r^ &^fa-gSIgfr 


l-6xl0“ 12 XA.(^iTOXl0 6 


12412-5 

a (*mo 


$-vm* 


(4.4) 


5?—C<pR W1R sjwc^r. aH *tk k'fCM ®RT 

§*tca sp^ 5 (4.4) ^n^ikft? spot offerer i sjr <nm 

5tsrt kRToff^ ^TPR (Approximate) <U<3^.i<f 

^■sl] s 

£ = 1?345_ ^ (4.4a) 

^ f a 3itg 5 »iT5TMJ CTOR3 *tf$ stfa^ 3FTCR FT 3^S 
\5FT 5TR 0.6% ^vf^si ^5Sf | 

8 
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ificw A = 4500 ^rrr< ; 


_ 12412-5 
~ 4500 


= 2-76 




c 3 V10 10 

** V = J = 45^X16- = 6 ' 67 'X 1011 ^ 
uk/k^ 1 fagTf^s wtor fesroita ^ssr siMrfe ^ 

E m — E — t' n — 2-76 — 2-3 = 0-46 i£-cv\ 
m$.<% E m = eV 0 , ^fR 


V 


0 


0-46 

&5W$r-^wr 


= 0-46 


4. 8: *R8T ^cci^ad fR8R*ir*r 


m w^*fs <bt w 'sue? m 

RToIR 'Q £R £<RR RTT^f \sf®* ^f<T<[[^' I ^ *(\DWfa C*RR<T 

^«T^m 'Q RI^C^R (Elater and Geitel) pf^nR CR £R>R «JT^ 

21C?fT^f *RTRT C*RoT« ^RR ^C«1 ^l^Tl? RfRFW ^JWR ^RR I 
^ srMrr R*rt ^r r?r ^rkr kite's 

RIR I f<T5T\5"RR (O. W. Richardson) rsfjs fgffa fwl 

$$ Mo rrtM ^TsfhR ^r^s ror i Mr e?rr w 

t*RsT® Rr$R fW ^TRR WRR RW 'slOT CRCR* 
WW ^TRRRM rMfTR fR^RR I fRR% ^RTrMf 

^TRR (c/w.) f^R R? c t% MNo RI^ICRF ’iM’f RRIT CRtxs -rtcr I 
(4.0) fej P £RR$ -ROR RtfH CD TR^ RP$ Mr% RR^ 




*ri«i4-^iT^ fsrgTRjn 
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SsT4 4T ^5 (Filament) 4 TX<|s fac4 44?$ 41^4 X5T$ AB 4T41 41X4 I 
\£>*\g>Tik<p CblC\&4 $14 4X4 *X 4 4T4T 54 I P 4TX54 4S454 

41471 6T4 Th*hviic=t 4T4T 54 I 

\a^§?$x4 E 4 R$t? 44 ^iwi 4T$X4 X4X4 \#s^2i4T5; -sinter 
441 54 i *£W xstx$4 sx*ji f4®4 m&t 2 x 44 
414*41 $11(14 I G i£)4?$ \sf\I> < S214f5 41*14 445 I \s*'$)Ti>G4 i 4J4 ijrST$ 
4(4 4? 1 ? AB Gb 1(1^4 41X*1X4» 441414 I<1^X4 4T4T 4T4, 4l5.C°1 G 
4T44 4*4 ^?5^2f4f5: faX'fa 4X4 I f4^ '®*g>T$C4 XS1X$4 ^TX^fX^ 
44T4T4 <NOI X444 214T5 X*f4T 4T4 4TI i£14 X4X4 2fsn? c f i ® 54 X4 
^XT$ *ffi§ X4X4 W44 ^TT<ll*WlO 4? C T4T ?4?(% 54 I ( 4 - 7 ^ tbXQ 



414*414 2l*$IXf§4 tba I 


AB C5T«f64 2f*4X^r A 4^5 *414T 2T?f*l% 5X4X5 I ^14 CD 
^t^4 21*$RW 47^54 M ^Hs C *4141 
5X4X5 I C ^ A 4X4T T4®4 2TX^f 21X4TX44 4X4 ^£)4?$ t4?*54 
(Radial) ^5^X44 4^4; 54 I ^ X4X4 441441 

4 s ? c I4T4^?gT c£|^ g<pT*H<p '5?5^X'*l»Xd4 'SRT X51X1&4 f t FX4 
5X4 W®^ 4714T*f 44144 ^5144 54 ^4^ XS1X1&4 ^44 <51T*liw 5X4 
Ssfv5^2f41X54 4^$ 4X4 I <444 4?*T Tbfl^X*l4 '^T'o^TCM (^$fa CD 
’^§4 44F541XoT) <54?$ Gbta<PX*M 21X4T4 441 54, 4T5X®T ^1154) 
4^441^^14 54444 4174 44*TX44T 4X4 41, 44 5X4 414 I 4^ CD' 
4>*v$4 4IPT AB E5TX$4 41X44 ^§®T414 4^4 X5T$ 54, , 4T5X=T ^ 544 
44 2TT4 475T4T4 54 I 4144 iflXTO ^T4&T4^ \s4§ X4X4 

Tf^C54 4X*n$ SH4 ^54 ?F®T4J C44 4X4 I Xb^44X^4 
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ii ^spffg <1 IvblCM) ^ ^HSms “^^RT W5T d «|TC<p t 

TOTO *P?H <£)$ WT CBffi&ffo R ^ 5Jcs ^I?po 

<5^ va'SR 'STRI CCTS ^fO *TT 

G sn^ xstvS^tRT^ >l$>il 5X5" 3E n?T I SR?T 4<If 

m tsfanTOKas w st^-sttw ^ to ^rrar ^r Ho 1 

^^ndS uQ3t M<l*m d — R ^ | ^5f|<|$ f?pJl% ^fcRR^Tcif] '5j7*IT*T 
'Q m *iT*t ^rerra^sr e i£R\ m i£R° sr^ro \dic^ 

'5|T>Smo C<TO v > \5RC«fi m 


h mv ! — cV 

l 7 ^7.3? ^*^5 <£R\ CblC^^T SR^fs^R SfC^f I 

^£R v — V (2rT’/ ?n\ 

^strh sr^n <!w to$ 

H cv mv- 

c (cl/2) 


N5f\si£R 


d 


2m vc 
He 


2mc 

He 



/8 mVc- 

\ fhT 


oy r 

Z'^Z^ ‘ s Tf'8?TT RR ejmc — yyyy (4-5) 

(4.5) ^rsfh^W « <3 V falWM '£\WZ^ (c.s.u-) ^ H 
4TO^ (e.rn.u.) ^fsp® 1 

«rfw*r to cro m Nsm srom tot *n^ urz zws?< 

e/™> e /m> CTO* I fa*JT% 

^fTOf^feT TO5 ^Oi<PHH I ! ®7‘ 5> f SOiZ^RT SR^T *TH|> WW ^<^4>y^ 
fasTnro aTd»aic<> to ^ i ^T* p i s Nr fesro&r ^i‘ p n?H fas*Er*T' 
(Thermionic Emission) ^ Ut^ TO 

A5T‘ !> fT?R’ (Thermion) <rr ‘\cT*rfa tTO3#T I 


4. 9: ^rrnrc t=rs^rarc«r^ $*ra s^r 

nfTOsZ^R 3KC5T fasTO:^ ^itsR^T 3f«1% 

(4 g) te a?f*f% mtwi ^jtoir ^q?r^ vjratffc w^r 
^TO<R TO TO «n?r 1 4FTO Cbt^C^S '5R*H 3T*f too 




out ^c»wisT f=rs»nrn 
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CD '©• y $T£ ^ f<Pi^ *it# R ^r?rr fcsffRft ott^ri 
\si<i?1j(. 4 sn?f v£t^s *tcr Tfi^jc^n srr 

Ttf'S^rR ?nt 5?r, *ttfo v£i?r 5^*n^f **&*$§% 

Uw;U^ I P *IRjfl>Ms ^<H<R %<$ faHb!C*f 

<n*f^ ^ i \t*N§Ib'<i sf^n fro faV b i> 

^fllic?l \D'^ ^R\ STWWBI OTS^f ‘ 5> li<K'^«i G STT'W 
^/5if ^n^rc^n ^T*n?R srtc^ *rf?Rv5^ sn^ ^?r i ^nrwira<i 
stfmcT m*\z z^*f\ <s<t 

«rr^ ^ *mn feR 

*fOT*l> ^ ^=T, DHOTI'S ^ Z*K/$ fa*1% 7R ^Crppk^sT,^ 
zfca ot, w ^r^fiTR 2^m: ^ i ( 4 -8) fe 

sr^5Cff?r *rec*r vat wfirarwrer mn i 


T 3 

t 2 

T l 


V 

faff 4.8 

M'otf vS^NDI^j TR^ SRToC^ ?f\£9[ 

\oT*n?R 2m% ^f<R^ : OT zm"m \ 

^3“$ 5IWJ \sf\5^£Rl^ W«1 snW ^ ^31<3 

o^«I SJTFF I nd^ SWJ f*fC?T 2RT3RR 4<K 

4<T ^ SfTC*\D<T SfWJTO 3Fs*f *lfasTT*f <RR M*r^ &P^5R 

CD fa^n®! ^RTT I i£|i| JRTC ^ ^\sl?T 

sfrt m<$, nci^ r^Tc«r?r v 1 ^ e«rr* (*) 

fa^TO 3RTT ^TRII ncTWT *I*lfa*KW *lfenWni SFffa *n??RI 
>u$jc*ij 'STR'Q *iTi<p'«j(R \s»^Tb^ ^ifasn^f Wf ^n?r i , *M4- 
WC5 'C^R-irm^twr (Stefan-Boltzmann) M<R®J spsf^T? 
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*rasn*i; * 


W TO<3 ^T ^?r I <3^ Mtf^ 

vS*K>l*l 7 P ,? f^ ^T^fRR £RT3[ (*s) su^TT ^ I <4*R srf? ^3*94 Isft 

srt^; (ft)' <i^h *n?r, ss*^T^ ^vdT'Q *tw i 

^ ^f*j% \?«p\si^ 2i<rn^ '0)Mi<i srr^rr i 

5RC9T ^*fRR 2TO *tfa^3R < s > dW‘ 5> f <F<JT I 
vg§ a#s (4-9) fe tewfwrciM aiff«i% \ 



§q*\®i?r ^nr?R srt5 

w c^4e i v, Vj rcw 
fafer wia - ^nrcRT® o ^«nrv53 tot 

i 

4. 10 : xsTTOR ^ 

^n^rr^-^rfess faster ms ^ic^itHi-a ym to 4 

(Work Function) ??<m &EW 3*3T 5X?T^ I UFR *mz*f<l 

cto* *rte^ 

WF 53 TO* I <3^ t* ^JTCH 7P*lsT ^s 

^rfW'T *[fe (*W TO^s 3f*f (f> f<F»3 2fF5W3 W fer C3^ 
5?r, vsi^.ffT c*T3T *n3 f 0 = e<f > ; f<r®<i cf> srr^r su 

v£RS fa**fl*rHl3 TO* ^*03*^ 2R^«Fs 

5?r i ^hsri 5 ^nsrar 4 > TOiiTi>c«»e fwiwRfa to* 3m 53 i <re3 

‘PPfJof C9RRP fJTST^S - 5c® ^CwRP^^f^RT C3H <33lft Hi^l®*l *lT$*l 
fiTWI'SfH 53, ®T <^c® 5^ *TP$3 TO1T ^C5i4a^^?ol ^I'sKRF "hb-sJ*! 


TO ^T TOT SOT5RI 



vnOTre-vrfvp'w 
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4||*RT SfllR R 41^ ^ff?RTf^5T 5^5 R*ft I f4^5 

aram wcsfc *ni>5 rri ^feRrc55 53 1 <<r 4555 ^ni^ni 
5RR 'SRI 4^*1 M 45T 55 R «t]pr^ 5RI 55?5 afelCT 5^ 
^RRs^R 5IR, TO 5WT 55 *^54151 tSR43R (Conduction 
Electron.) i ^<u «nv§ CTO?1 ^ n5RVtf<rR SRI frR 

44RIR RfR* ^RIRffiR R^*t feSTC 45tfs RR (10*2 
E^T) I T4^g 4F? RTR Rf5R '4JPK4 ^TR R I 5R4 4Tv£ R5 
rir* ^*15 v£i^r ^pt fen 4R i ^ 4nR 

5=TT 55 ‘Sffefen ?|®T’ (Image Force) i RgR- ^f^ ff f^fe ' 4 
(Electrostatic Image Theory) x5jRR]?ft 555 fetr *pr*f 

<$n4R RR 4M5 WSt*R TTPRR 5TR ^55 4Ff\sRI5 

fefefe fep 3RR E^IR 44f£ WR f5R#s ^RR 

^nfe£ 55 <i'c^i 4 ^rt 4<u 5T5 i 135 ° ^nf? ^stt^rT^t 5RR 

^rRRVl' 5*T ^ 4fen» 2ffef<F5 ^T4R <fR^ ^Tfn ^RRf^ 

w.m 5RR to 55 i 

4n§5 ^TRR^ 5RI5 SRI i£)4fr fe4-4\C55 

(Potential Well) sfffn sppsrR 4RI 4R5 4P$5 STRI W 

/sr’rr 5c<d4a(>R feffenlw ^rrr 55 , ^r 55*415 <nst 

fefeffef 5R *1^1 I ?R»5-5^R ^*lfosT SRI *1^4; 

^jRRm 2tT\sT<IR 5^ ET?ft 55 I R5*I 2ffel^R 5sT ?<K.<!t>HI 4R 
sr;ci rr «n\gvs<5T C4R ^4fi> §RT4Sfa fe?r^ 55R sri 
2fC5l<SM^?f »lfe fel% 4RRT R4T TOPfk *lfef SIR ^Pffa 55 I 
^VR-!^ ^fpf ^srR 45T 55 R RR 4T\j\*^ sp^ef jr, 

\sl5t°1 4n$\cRR >)Tri4'C^ 455T4fe 511^4*5 Wlfaf 

EZ5R, ^cR^R5 ferP^ 5RI5 sfevo 551 «£lt 

5^1 5I^W ^?‘*FQ3 *55^5 fen»lfe 551 5^TO 

^'5RTW sIVf^R 5®T fen*li«I 55 I v£)^ 2RR 5®T I<lc<lHI 
4C5 5?E ^l^jvo'ffT C5C4 ^T<lTvi^' ^RT,55 ^=R$R5 fefelfe 

^fe^CT-sl C«T5?55 ^fe 515, ^15RT RI5fef$ 4^^f5 (Well) 
^nf?\s 55 I (4-10) fen £$ (Potential Well) 

W5R 5^5R! I 5?^ 5RR 4?TI 5R R R5 *tRTI vS4^)l5 55^ 5^4- 
v£lt f5'»5-5\C s R ndsTCWRI ^R^5R 4R (5T 
7RTnsR >1 s fiW,5Rl R^-R), ^I5RT 51^ C5R? 5^ 5RF, 
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fMRT'R I 


*170 fa'sR^r && ^tftcxs seer, ^tiot su^ssr »rfe 
SOT^R I fe SWT wk ^C*fR o^TOT CRCT* e*fr 
Rfa 2foi?r differ ^rc?r ^fer ^rc^ 3r, \si^c=i ^tcr> 

sff^T^i*^ * 1 % rrrrt^ wir sotsr s[?t i ^tr'Tr^ c^i^hljw 
WTWST ■'SIH^I^ Wfl RTn§ SRI**! R^CWt (Valence) ^CffWfiw-sl 
RRSf^lt fR^R-^*R WW RTOfl© ^fTC?r RT 1 ^ ^TOTT CR^' 
*f^ ¥CR fep Mw ^fe^sj (Discrete) ^r^>t^®T *1 fe^CR;, 
^T#R^feT ^^TR R7R I <£1<T OTR 37^ (5-4) ^R^Tj^vf 

^icciiTbvo ^R^fcR '5[^R5f / R snZRjPr (Pauli’s Exclusion Princi¬ 
ple) I ^ 5OTR ^R^rI TrVHj ^|?TiRl)|Vj R^T *RRT 

fR*Tlf<rs CRR *|f$>aC<J 4<Plfe ^rpp$R ^SR^SifR ?MU5 TO RT I 
$$ *iT^<?^fffR csm> r^it RpgR stem cttS ^.®t<mjr r^ritr 
fR^wfa i rtv-r c^t?iri)r \^§ ^M^ral &<r*i^it ^wtr 
C5lt ?R *lT$*v©M WRR OT RIOT *fk *[^TI ZW& 
v£l^T ^bb\sR 5JR W f (E*pfe*OT; Fermi Level) *fevs f q v ^ s 
RTC^t ROT ^oT^RR ,f ffl 5 OT^fcR ^R*RR (4-10) fey OTTR 
3JZm I £3§ fe *nRS*rfe ^RS^RU^T fcOT-5E7OT ^ROT*T 
'3PWR R*£R I ^OTT >*1% SPTO ^OTtet^fcT fROT-R^ITOT ^©f- 
OTf C«f£*P ^*TCR?J fe^ RRf^Rv© f-qT\»j^ »tTiS*M»Cfl RR*RR I 
%5 CRCR 5 CRRfT RTR £R RT^W CRSR> T^T^fel ^U5 ^ei4«R- 

*r,?*K<p ?rot-r^ot fobism ot W 0 *tt<t ^r rttoo sr i rr;- 
^fspp CRRT T RTRT fROT*?*!'© OT CSpfsf’OT W f CRt<p 
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^sRksr© 1 to^s 5r;*h fcfer zws$ 5775 57^1 

$^4tk5^f«R te ‘ s Tf^5JT«T *rfe 2RRTSRI TOkfM *1?$ V ©R 
^Rf*R5 ^C=l4aH^ CTO v£lt 5TH 5R TP 0 ; 'STR 

*3R, ^fsik c^fsf 5 ^ Wf c«i^4 I^Tg^vo 5775 
^tttsrIr ^rfvsfe -rfiR'srR 5R £ 0 = ^’o— w f \ ^ z*\um 
*1%‘C4§ R?TT 3 $ fa^wk ?pi*f (Work Function) 1 

fc^RTWk RTCRk ^R7RI¥ TRSaT 5W *H?TJ 2RRWT I ^sT 

W^i CRT^ ^K^fiR <34TJT *WTW wl^ v \sw<) ^*q%<T 

^MTRI 5C®l4!JM <t n'TI *1T® 5 *^)H^TsTCsa RRI xjl'©lT<j<T' \S*P , ©R R*fk 

'©P’T ^C^l<I 5 a*i5. ^SR^H W 7 / TOR^T ThH'IR 5I; 5?f^fc s R7c ;: 5R^[Ff 4R « 
^F©T W WH RR W f TO“W ^*t;f©<T *t%TO7R ^4Sk *R355JC«R 
TO©R1^TS (Probability) <n\5C75 ^[£4 I 4TO W fw; *TWF 
tcRfRSN W„ RT sStRvQ *T?^TOR TOs *fRR I ^ 

^dGT4^^kr ^ C^f5i C7*RR U%^o 57R I ^sT R© <7775 4TO 
^Tv^nT'Q \s\© RR75 I '©TR *fT§ CTO ©T*rk 5.W<r-y^ fasTOCTO 
C7©t© (Physical) <npm 4RT 3p^©4 I 
fcfer sjpp' T^rtoIr mt<j 447 «nc®Ti4-^if?>& tort ©^f- 
frfR'R ’ncife SIR (4.1) 5TR<fk5 W'RR’jh 4Rf PTO^ I ^ 
TOT^fk C*R TOTO tt^TT ^5?l«5T TOfR 5TR<RT 

(4-4) srIrTP'R TOTRI ferkf© 1k‘ p TI T R s k 4IRk STM'S Mw 
4RT 51RCW I lR©k TOTO StR5 fc*RTTOk 4IRk *lMV'©' 5TM- 
^fsR TOST v£lt ©TR fe^f© STTTO *R9lf\S WWfe 1 
^RCRR TOTTOISRT CSRR TOC°ff4-blT\5© fcsTOCR SMf OTSTTSRk 
R^TT-R^RT^CRR (4-6 ^R^T W*>W) ^rf*©R<J ^R'T'G RRTT RRl 
(4.10) r«TR> TOT RR R *T*H C4R hv *f% W*P$ 

^TTTOR ^TRlw 57R *fT^R 5TC«fT ^ 7 “lT^'W ^Rf^T5 

c*rrk5 ^r, v5^r csik »fto Rksn^ 5R 

(^ v + TP); *rftf *rfk TF 0 ^wi c^rl ^?r, tocrt 

koS^ ??7R v£l^ <£R 9tt^*ff^ 

^mv 2 — hv- f- TP — TPo 

TO57§ *RsR ^CeRF^CMR ^B^sr “tlk 57^ '5T5'il^ ^CRIR- 

t<7R ^3ST SfR 57R 

|mv m 2 = /iv+TP/ — TP 0 = hv — Zo 



4.1 




; S!lC^l4-vsi1V© 

^©1^ > ©t i © , 3 


4Ff' (^-£©T) 

?i^rr ©<r«a 

3T?*RMT 



(^rrrc) 

zq&$ T^rcfa© 




4T< 

faf'S^w 

1-09 

6560 

1-89 

■Sl,J<jT©ilW 

2-1 

5900 

2-1 

^fimm 

2-2 

5650 

2-2 

Z7nf®?nvj 

2-3 

5400 

2-3 

feifcRfTsr 

2-4 

5200 

2-4 

wfaranv 

2-5 

5000 

2-5 


2-7 

4600 

2-7 

4)l®1^T>I^W 

2*7 

4600 

2-7 

T*'iC4®1 

4-10 



6}R(?i«N*1 

4-10 




4-54 

2800 

4-43 

ufnf£«'iiii 

5-40 

• • 


<sar 

4-74 

2650 

4-68 

_a 


_e _ < 

&L_ / 4 r> . 

i£)5 TITOS 

^IC°1I4-^MW 3RT4<R $,C© 

Rfer i *a*G©S 4S^s Eo TK^lTTflj ^ 


fa* 9 1l>'H s hsl 4T*f WII 


4. ii : f^i^R-^isnpr 5nsrfe«f fa?r;*f«rs 

^©h ^<?4 ©rai?R 2f<TT^ ©r ^iM srt 

TfiM , 5 T© s Nt ©Sp (Kinetic Theory) 

T©T>Qt© i34f£ '©'§ © k, ©i?<;© 4WH i 
?<h>|vj/>m ^rt 4t?R m ©t^hr fasw? atore \s^t 

*me«T% 4T*nT?R (Evaporation) 2ffen?f Tfi^I I 4T*ai?RR<T 
Tmi ^f«T ^n^t^er w ^afecr zy&$ ^ i 

cfjw^n ©ic^a i£i^r hi^vow 9if©*f?iF3 atsiifcR, 41 ^ '©^r ^af^©^ 
ara $jsf v ^i>h<?' ?m \©^c»if) ^rfrj 'oh^c^rt ! sri 

T4^^i>i ^T*n ai?r \ vo^«4C < t» ^ 5 ^ 4?rra ^pca ^©ht ^ 
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Rfva-rfe ^ I <4^*1 Rli/FsR $rfa*rfe SflRISR $R ^I*RT- 
?KRR RRR \s^=Tt<J> oilri^i^ (Latent Heat) <j><jc\s I 

'oiWt RiR <£<n *ITC<T CR 'sff'RTRR fasRRTO RRR ^i<£- 
^T^f®T C*M ^5ijf RI'g'SjcT RFRl'gvs 3[t?i fR5T% 3[R I lR?f*l(.«W 
*fCR qi'g'Siyf 'RTRT *£<f 'SR^^Tf >»| it®! lib's 2fM*FR <M 'Sffavs 
RTRIR R^RlR 3R t ^ RT*fT ^I&KIR 'SRI 'sTCRR '^<t 5 ?lj R^Ho*l 
^t^srs sifts^rff (eo) *im raw, rtfs rtrtr U%p% 

tof rrc\s w ^r i 

fRRI^RCRR vsff£ RF§R SIWI wcr fawi- 

*fN CRSJ-R^Sr (Velocity Distribution) sjtTRR'SCRR- 

CRI^RTTH RR[\*R RsRTIRR (Classical Statistics) w^fr 

TR*frfRR 3RI 

rrrr^ iqm SRrfe ^r pt T^bi^w^ rr i 

(Pauli), R^|R(R^\5 (Sommerfeld) 2 &qq fwRtRR 
WRR CR RT$ RRJ>R ^<RR$R RiTCRR C^Q ffpfcf <£1R* few (Fermi 
and D'irac) (^'©rfa's C.RRRl>|Vf RnRSIRR (Quantum Statistics) 
tmm i (io-4) 4 Tp^f ^icrisri rrt ssri 

WlV-f^RlR RnRTIRR T t<p<yj ©RKs|*| 2{fR cQ^F^F >&) |*|\iR 

§C ® re§ R W v£>^ IF n- ^1F "iU-rIriR STCSfi ^IRf 5 ^ $JMW- 

&r<t r^rst sr 


apv)dw = jZ-y/2m* ^ *' v (4.6) 

" 3 e (w-ve / )/fcr +1 

^ri?r w< «r, k ^ £rt®tcr;rtr r;r^ vs^ k 

ms<F a^pi F 7 , (4.10) 

>\sC<i<1 *1% I 

^TR^R fasRRm ®RT F 7 > F 7 / ^'Q^TT 2TCRT5R I r^r§ 
(W — Wf) R^Rnf£ RC?PF ^eW^T F»f£ 5RR^ NSW ^CRR^ElR lRSR?s 
3RI 'STRRRR^ RTRTRR fRSRRT:«1R WRi SKRWRIr ^RRIR (^ ^ 
2000° pp»0, kT R^mfi> 0-2 ^-c^»r <R 5RI Ros^T^ 

(F 7 —F 7 / )> >/cr ^ e (w—w f )/kT >> 1 ^Rl R^RI\ 
(4-6) RVj^c^ W3 (Denominator) ^snR f»<\o1s ‘ s wf^ 
^RT RTR I 
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*rfw Scwytc^ m v W = | mv-, 

dW = mv dv otit ^ I mm v mt v + dv 

soj ^#^5 7K*m ?ter 


n (v) dv = e w ^T v z e -m#/2kT dv (4 . 7) 

gfr (Components) 3$ v x , v y , v z , 

^lOT *\fh 

I7 rv-dv — dv,, dv H dv z 

5 ^ 1 ? T c<pr ^\sra o c^rco (SgRgg^t 

v., N 0 n, -\-dVj., Vy vQ r (/ -f dv y ^ n. xq v z -f dr. yf\r,\^ 

soj srafare go. gfo ia^s ^ir^r o 


dn = + 

/1 


(4.8; 

^■g ^Jl'g'vsoi C^o RSR 7 R OT3 WRi ^T^Rg^fao 
^T'ORC*^ Iwi^oT ^I^Vt ^f5T <PI , JiC'a O I gfrf ^l^xsqTu .72 

Tfsf^f '5Rf 5 sro go, nst^t val ^ foiglsr o 1 

R^OR *n^cT £20 k-31% 50 50 020 ®-$gRTO 

R^vSR RH i£)SR 50 O ^ixgvscci^ 'Rl^^ft O 

WO go I v£lt ^50 ‘RsfsR TOsR 50 50 
M 2 ^e„ sotsri ogj 0:0 2 /^ 

^gR*RO<T 5jR —^ 4-« g^Rs 50 go 1 
^cewtasi sot to oto *-§gR»*T v .> « *>* + Rta sot 
go Ron o 


oc 

«.. «to. = ^ e w >l kT e -™° 2 WT dVx f e-nw^2kT dVt 


a 

«/ 


-imSUkTj 



tcswfa 
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* v\mz\^ (Integral) SfH >i;fafyss s 


—mVyjlkT d . 


\ = f 


e —mv, 2 /2kT j _ /2xkt 


'5Toi£H 


«.*>.= 4 JLfJLL e w f lkT -mv^IlkT 
x h* 


(4.9) 


n 0x di'j. ^ vfk ^Rl^T *F5 *TC*fiT 

WZ*H\ v .r v£i5R ^ + <^'.r ^n<T STC^I «TTC^ 

sfT5^o1?r Iwi 2ffe CTC^C*^ ^®T^C ; T?f ^y^il 2FF ° 


n - Jfiv x . i'* 


?;'4i<t>5TW<5 fcp^Pifal w„ ^ f^FTT*!^ 

^l<T-<i c i1' Eiffel tfi'S'Vei W’<F 20T- 

5Rk •TT'r^F * 1 % fa TRymfa ^*t<T; *o = 4 m r f - ^ | 

y fJ =r \/<Zf-/m -Pf[sQf[T ?n?n 

7f^T< torsr ^<i ^m\ *n$ 


cr 

n = - 4 ^lI ."-//W /». 


-mv*l2kT f]v 


4irm{kT) 2 ( Wf -w 0 )/kT 

h* 


(4.10) 


^ftr srMS tor ^ e > fas^ ^T*n?R zfu ^- 

(Thermionic Currrent Density) 3^ 


i =ne = 4lrmg ( fc7, ) a e (*/-»'o)!kT 

s ^3 


(4.11) 


#f C@W A =4irmek-/fi a ^ e„= IF 0 — IT/ — fa**i |vrI y 
TO*, (4*11) I5NT TO 


j 7’2 C — t 0 /kT 


(4.12> 
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(4.11) (4.12) TrI^TO ^5JT ^ ‘f^I^R-^RjH TRITON 

(Richardson-Dushman Equation) | m, e, k v£)^ h 

5TR CTO A vfjNQ^T TO g 

^ = 12° RMTO^/c^Vfcsff 

'il’TO ^CmCTOTJ C*T ^5T?R t2fC?IT^f 

TO ^TTO^f TOC^i fabTC/JR C*T ^kk 6 ! afvs^ TOR ^T 
fw^?R-^*R]H TrItoT (4.12) C5IW fosg>l fiSH - I kbl©*- 
?fOT ^TOffSc^ C®NT TO S 

i 4 = /T T* e ~ l ^ kT (4.13) 

A' (4.12) trIto:^ d g^ cto fer i 

^to ?^k*ffcr ?i^tc*p (srarro 

T 2 t£R“ r * ) CTO *T t <^ I 

*BPT5' S N^1 (Thermodynamics) TOffi 

TO kbPBkw FfTO (R fa^TO^fk TOf (Work Function) e 0 
«tt : 7f®*niTi> \5^sig 'SI'tot iRskkkr 1 

TOTO TO *SKK STTFk ?K*nRTO \aT*fT?R 2TTO TOC^F T 

W trItoT £fi\s*i^ TO ^ T3FT^H ^*RTR ^sfrTOf (4-12) 
CTOF Rfel I CSpfrf-fvSTO 7R*T(T?R rt1totc<r to to*tj 
tf^kro ^ c*r *m*s ^cfiT4§w4 cro trtoito ^fkro 4 
v£)§ 5R RTk^s 7RTOR TOT^t TOt Vo'lT^'^ fw CTO *J^S-R*5F© I 
7^TOT\ kbl^kH~'5^ t RTR 3RkF^ c f 2k©^T TOR '5RT 

'^IC.«1lTb'© ^C^ >l?t5<P I '©RTST fa^TPikk TO^tk 

Sf^\s tj|\*)<J C^RHIjR 'SC^ )2t f^P v»lM TOMTIT TOT 

(4*10 RTj^Pf b^i)i 

4. 12 : k^k ^- S^RTR ^TOCTO *Fsf©f TOlt TORT ♦kfaFT 

(4-6) kfer \©T*iT?R SfTO 

(i) TO^rr^f *jfa% tocw t 
TOlTOR (4.12) CTO TO?n TO 
lni„/T2 = lnA-folkT. 



jhn sstrTr tgg refo fas*Rr*r 
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'TOT fas^PS i ^ T ^ 3[R ^j^ri ?rfif In i a /T* 
.to° i/T re^fas ^rf^T to, re^froTi; 

RTOTO (Sfa^S (4.11 fro 5*$SI)I ^ 7ra«T RTO Rfa 


tn A 

fn_*s_ 

t2 


l/ T 

fas 4 -ii 

In i s /T 2 ^ l/T ^ cspifas I 

(slope) zofttp f 0 jqwfa<T RR nN3RT TO I TO R<M CSRTfa CTOR 
In i,/T 2 TO ret f<I r M FFlfas (Ordinate) str 

a s^fa toi ^^rrc^r ferTOTRj w fabi^''>R-©? t TRiH 

ROTORS TO«T Rfa f<TRv5faR RRfaRR (4.13) ^TOS TO TO, 
<sl^w lni s /r 2 mfa (Ordinate) faRIW lni«/V r 

fare ^»?r crot cvn&ivi-Ttj re^fas *imr to; 

CTO R*fl<M«tffc CR *rHw *TOT faS^R TO 

^ffa i to rito ^pnrefa ^TTR^faF ctoiri^ir rere st^Nrr 
TO CR faFP5faR-\E^*(R5R >R < W*lRfat ffa* I 

vTOIM 'Sc&RCRIRI CR ^)IMR RCRR> v5t*> RT ^.C«1 'oT^fRH 

SfTO ^ TOI TOi>lfaR> TOTWOT 'SRI TOlfa ^ff^5TT®f 3TO 

reire to*t soTfaro ^siot ms tottoIr to tm 1400 ° 

re, famro ms stir iooo° cr ^ £rcre>OT ms str 

2250° , 

ottIwtr TOjR ms A TRsmfifa nfafare rr riot rts 

*PS ‘RT'QRT TO I v£)t TO^Rfas Rffas TOR ^ST TO RW I 

to ^str fa^'roflR TOfar fasVfNrer, ri^s*t rere 
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wi*i; * 


fe»f4^9qf9Rr afeF«R, f^gTfT^ SfFp 
(Crystals) ferR ^FRTFRT 5 RT i£)t^a 7 ?*n 

*lli J ^d®i ^R^sjR WT 5?T I 

4. 13 : «n^fa fsRTI 

felvS/^M-vS^Wiffi (4.121 ^*11^1 7F^ \5T?fI?R 2RT^ 

(h) SRT^W *qHI^<P T<5'»C4^ ^T^T Th^^w'IoI «T?T I Ifevg 

^Rf'Nn ^ *tt?t r ^ TF% c f fe ^ i sttkto fe<f 

srtis: nfemyr am (4.12 fe 5^)1 



*fT>fo (Schotlky) stfsns feafe ^ ^;fer ?{fe I 

CT&SRJ ^TCTCTrns UwsFS *KtfT TpTQS ^T *ffo SHi'C^ 

^TT ^ 4 »r^ v f<F fen’ (Pchottky Effect) | 

W PfC^ W 5 ^T3<T ^?RF&R<T vfl^T ^TTC^Vt 

afefer ^ fen *n ^ i 

3.C\S ^C=1 §Ce14»!B*iT&.<> v£)^ <JC=T<J R*f[ iTi?c?t *ir§^®T 
^SRflir 5M «J|5fi:v5 5H. R*TRR ^Rt 5TR *QW 5Gff Wt 
<£i?r 'SMs ^csf^a'tT^ c^iv^ic'cr ^4>i>i hi s «hvs*! *rta ac?rrsR, ^fH *ir 
^T55 *1T$fe feanR^ WTC*f$ 3WH I <4*H ^ 

<I>!C% ■nT^r vfl^fu? *RP3I^ ?<1 ''»<i*i'1g' 1 '5|)IC r tlvi? ^T*JT ^TRT, 'ST^CgT vfl^ 
'Sti ION'S *fRR ^W^a^c-Toi^ tiJ^T 2fC?TT$T ^C?T I 

<£)^ a^R fefirfe 3«T vS'SISJ *1l'g>'3 (S 1 £$1^ fej£[ 
*uZ3 c^h fen^s a?P*rat^ <uTvs«t or i ^ic®^ vaults’ 
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*fro^ ^w<pa*i *tfrr sro ?rrr -sr^c 

^)|RCC1^ C>tTl? <Fg C«lfC^ fagTf^s I mc^-yg ^ 

fafi^T ^5RH?[R ^■‘j'lC’WT «3I^\SCC1?I «rf«f^Sv5<J R^£R 

^KWfo ><^4-5>|ss<5 QTSffsr^ «lfai**15T ^Col^^.'Q tiJC^CtJ *fl^aeT 

m<R 1 RSfFS iHCWCU fa*(nR% mqj[ 5 TR 
<PCH *TRI RTC^F C<Pl?lH&l»l ^offalR '©RR 2R^£ vafvS^- 
M 2P5TR &5VI TO 5fR 1 w 

^sT^HIR S<llC^.f] sn*T <jj^i *fR I RilWIC^l *RNT^ W 

WR *tr, ^ fan ^0 &s*f\ efa? ^ 1 *n\far ^ *R?rraft 5PT 

trre fanfwk str ^ 

<f> c=z <f >0 — V e£ 

<S*rRR $0 C*R7£ SR^F vsfaCTO^ fa^rPR 5 ^ 

WZtf'i 5JR I *rfv? mil OT >1*^ vsT*fHR SfTO^ *TR ^ * 0 , 

vsi^r 2fq$ mi(s.4 str 

*,= * 0 e<V^ 

v£i*nR c v£i^ s^rh ^*rr?t srafarc Fr*n rt w 

2R^ ^faOTZT ^ICffT ^mT?R 2RR *TR I »f^fa 

^ cwcss wn nr«?n *tr m #wm str 

2000 sr, noi^coi srr; smr *^<n 10 

S&ffi RR I 

4. 14 : c^Fifs? fag^RTO 

wr cro *niR ^*r ^ ^ acsnr to sir 

«n^owT fag^ sra wrt rr 1 swfcrap 

fagRR’ (Field Emission) ^®n ^?r I <a?TO tn^C^ TOR 

2KR1WH S?I Rl OT^BRJ *£& ®rR5^ fagTOW ‘*l1\sffT- i RSWr 
(Cold Emission) *n*lIT<3 c^rTO 5R I 2TTO *T$fa 'Q *KR ^RQ 
?P»| ^V51C< ^l^y||<l <3 Hvb^l^vi (Fowler and Nordheim) 

C^RR^R ^TfalR RIWII «flt ^IRST I 

*lT\f^ fafT RICeTTRT "5RRIT ?R 4l^t<l C**I1?P W n ® 

^w*km faiR 5 pc5t «n^ faw^Nr wrf to m r«A^ 

9 
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n**ni 4 'e *ifm 


ter gix nR i vsfv5<?cw ztm ^r, %*q m 

\Sct>Noi <pcw xbt nsi^. x?i, tU5%^ c^«3 ^ic^-si 

f*rc^ g^Ffg ^sr srrer i xt «fi^r fcr^-gqRfc 1 

fw ?F*m sriFk rrt wKvc sitcom \sf©wt5<i f<j^- 

gq^ft? ifl^ x^Twvs c=w x*^ *rm 31 i 

v£i?f a^fra^nx xix ^gsfS fxgxiw *n^- 

\sC=1<1 X^l r \D<llC«1 ^HN<J> STI^R y snf*R> 

m<$, TO£«T 4TO 5R:«fT WR E %?IT 

X^RR ^RRTX *t^T><T 3^*0 CX IW f^qc^s fW ^H<1^ S 1' 
te*f«>!itora fcrTO*rf¥ r<^)= — cEx + V„ V„ ^ v£|^f# 

S^l **PtA5g fagXTW SfT^‘ 9 1^ ?To ^5R\ fw 

^fT'QWT ^TT?T, RC«i<Pac^^ f^Slf^flw ^sss gPT *n?F I (4-13) %C?r 

W 


w, 


Inside of the Metol 

fRi 4.13 

Uv< Toa^.'x i 

ZFm Iwi a?~vs<R^ (Potential Barrier) I 

^rrSix ^qxiTfl' <ncw 

rx^xc xt &%>'& ^ tot x>tr c<iT<k.x 

^txto rt<r i ^rcfrc rex aislrex to srrre*, 

TO 1 w Mto v£|CX XRg TO C«R^ fXlX^ 

^© TO I ^R^ ‘X^^T-fg^R’ (Tunnel Effect) jrh TOSrRgR 

c«w *n®i7FHFf«flsRr fxsxxx xim xrt sx ( 1215 

'Bj^qc^f b^i) i 




«nCTW-*lf*W »W 
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cw fjTs^*f ^T^ic^r r to 

io r * ?;v»i^/c5rfsr w?rm w*rt s;to zxmm \ 

4. 15: tour fas*Rrc«nr ^ofirc 5 arm 

*n^f ^coi<pa*i fcrswt *R*rifac<F atm ^c?f 

‘feffRRfa*F «]8^’ (Electronic Valve) f^frcj to ^ | WZNS, 

£ic?nw, cSctfvs, c^fc 5 ^ aPffe fafer zscftz -srf^TR;®! 

^c^aw TO^ftwr tot to i wr^c^i, ct^f^ro, ctort 
a^fss f*l**f-&J3STfoF (Technological) i£)t \»TcTOX ; fTO 

v£)« f?P^5 W ‘ttTO$?TO7C (Electronics) ^'TOR 

3^° W-^cf *TO3 n&T Tw$r s t*f afa?ff c F5 I 1wf$ 
-q^TO SfC'TO RCTO>F *RTO <I V ^<1 ^5po^f% TO I 

4. 16 : fasTOt*!? aWffl; WrWTTTO^Tf'E^a 

tfR 

^WTTTOTO^ fTOC^ TO ‘TOTO^?^ W (Photo 

Electric Cell) fasftcj to TO I CWC*\<\ TOTfTO TO37fw 

atm i ^totos c<mw^ > 11 $. tot ^ic-cucto ^tot 

’(k’l TO TO | ■vSflCeTW-'OlfvB'vo' TOTOW ^TO?\TO TO=TiCTO 
\VtiTTO TTOR*ffcr, <4TOTT ^c/.TO TOT ^JMW I ^IC^ <3$ 

aro; amra to «titoicto afroa to a^ro i ^ttto ^ 
aTOTO *TOl HMI^a •^]<l^lT<l<t 5 TOf TOI'Q a*^ I 

3n*rra*r©s ^ aro cro oHsas to to— m;*TOT cto *sm 

Wf-a:*f CTO 1 CTO^ ^TCoTI^ (Light Sensi¬ 

tive) *prT<?f TOT M«f\s TOCSJF5 'Q TO fTOT^TsI TOCTO5 TO 
aT 5-5pTl5<f>' Msf% TOTTO (Bulb) sjtffl ale*? (4*14 %g 

5*£aT) I TOTCTO STICM fTO^ ta TOtaTTS ^nKRCT^ *RC5T ^75 
■TO^Ia ^TnTOTCTO TOP^IT TOT a TO I TO^*TOi C^IC^f m v «T&4»' 
faR TO^b'lta CTO Tffa (Seal) to WTO TO I WTO 

' D UC°1l<P TQgrft TO«TfTOCTO T$a?f ^STTCsTT^^fTo TOT TOT lagans 

CVpIC&l ^CoT^T^foT ^nTRTCTO *RPW T<J'«<1 VCTT 

SHTCTO TO I SfTOTOT ^TTTO'TOS TO TO; 100 CTO$ s^o 
f^TO SC^CTO §RI 2RT5TOT TO (iJTO^ vii^tffl ^?T I 
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Incident 



Light 


*m 4.14 

cro i c to^ 

TOCSTFS, TO TO^TOT^ <J»<K=1 C<P IClJl- 

^d«T4aW | A ^55 'oOlWivb I 

TO?*^ CTOR moTT^-^lfvSv© 2PTR[ ^jalw meTTCTO 

^lavTO TOST 4TOTC\s TRR^fff^ | ns^nsI W*1?T TOM 

mi^iaKs 3[?ri f#®?r *tot toc«[F5 tosr 
to fafet N©?r®stWi rIto ^qcrol cro Wh tot to i *n*n 
«timicto fto msfra Wr£ bm*f\ tot ^ sror ^to 

mCTO Mw?TR af^RSPT (Deposit; <j^ <3 aC<T ^R 

§a?r Mwro «r«i5vs> afro to 1 <s^;a ^Ksmup Cs—O—Ag 

v£|^TOR fef^ TO 5?r I Tt?OTa^ (Spectro Photometer) 

STC*ff CTOR *TTTO*F©8 K—O—Ag TO ^ I 

^n^TR-^iiw cto*r *gwfrvsi am rt to^3 ctos rttt, 
srfr c<mc*r tot afroc^ cro wr> to wfa, 

^am tor 2 Ri 4^;a ctom ‘^pr-^ef crof to i 

^TTCcTPF TP'TICTO *FM TOCa^S ^ CTO 5 wic£l ^CTO^a^T 

^rrRTvS <p^ ^I^L? TO “1% WWR TO CTO TO>a WTO 5 

TOTS *TOT TO3 I TO *FM "STfCffTR-^lf^s 2RR a^fo 

afrocef C^5 TO1 «RC*R CTOTO TOT ^IMTCTO 

^Ito afro^cro ^TnC^t cto ThT^l? TO^aic^ alrof^a ^ r i 

TOT ^aJsRtt men CTO ^>1 TO afTOCaiT TOW °TTTO TO R I 
to^r v£i^ wf-^ ^ aro ctor^ hrf*R>T (4-i5) te 
a^rf»t% toc^ 1 *a*te cro^fro ^ii^t^?<I4 cto a^r t£e& i 



aw ssrVfer 
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*m 4 -15 

to;*irt ?nm , 5 > i; e f ^itcgtr \oiT^> ctor fcWft i 

CT^SRI ti|^,TeiC<P C<M«i CTOf CHd ^ORald^ '»|fft N C'»^ Wo 
R?TO*CTO (Amplifier) ^sf TOTO TOT TRttW I "5iT*f?oo 
'SflCellCTO olsoi CTOT ^HC'f Vf 1 ? *lk«To'o TO ^ircoi ^icsii^- 

^tIw tocto cw *rf?RoR w $ otc*f tottotw 3 !' wra toot 
TO aC*ll®H*lo WrfTO* <FT^ TOTOW tor 

*1* , '©<$TO I WVR c^H >11 VIM C~<T-S i3(R *ttvblt«1 TO5TT 

^' S RT C®RR MCo RRR WT i£Rft> W r L>l c^csr v5^C'0 RTR I 
<£|WTT5T W<II<F> b^W), C^TciT' 5*R SPffo C^-CG ^TO^TO-offvSo CTO 
nf^Td^ <W35v5' TO I 

wfa% ^WTTOoliw ‘fawi-CTO’ (Emission 

Coll) <[rfi WR—TO«f C¥TC#T ^CTO$W fasW^TCTO 4CTO 

TO I TO §FIo% CTO TOW TORT WC*fT TOTO WOT^ 
*TRj WITOR «TT TO TO ^T^ ' to I (Semi Conductor) ^of 

to to cto (rMtoti ^ writer *iR«f toto 

VsTvbtvon I ^lc<rll<P‘TOTO TOT iflCRT *iT*M|T<\!>i W^Ni 

TO, TOI^.CTO TO TO (10.7 sSR^Pf 1^)1 fTOOT 
‘TOWRsT?RF TOTO^-fTO’ (Inner Photo Effect) flrQST TO I 
fTOC^ OTT^T TO ‘rT^WiTTO'I CTO’ (Conductivity Cell) 
i!TO ‘TO^iW-C^^ CTO’ (Photo Voltaic Cell) 2PTO 

C<TO TdV^R TOT TO • 
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cw3 cto 3 I 533 3m>rf33 soTTO 53 3t i crof $3 *kc*t 
c^tS 9iJi»i'ojiwiT>ii>w 3\3^ srrc3; 3m^TTOTC33 w wr- 
^ji<.iiT»iui«i* 3#F T<t>V$ 5C3 3^3315 Mf“T TO I f CW^I- 
STlfTO 3nc<r||<|> 53 - 3 ^ 3 ^’ (Photographic Exposure Meter) 

M<< CTO CTO 3T35T3 TO 33 I 

v£l<isf$ 3133 Cm&T ^3C3 CTO ^3^33151' 33^33 v£l^f$ 313*11 
*33 3rf^ 3C3 v£)^ WT3l3 CTO Mfffi TOT 33 I 33T *£131 t> 3I3T3 
C?fCtj?r ^33C3 \ij'(5lC33 3T5TC31 31313 '5T5n^Cv53 (Cu^O) 

v£13?S 3^T nr^cTT (10 vn^M) *33 TO C3C3 3IC3 I 
2TT33T3 ^TO'G 4^3 ^wM«l5l 3 33 3^ TO 331 33 / 3TC3 
toM«iO c^M^ro 3 t Metro <13513 to^ C33 s hr 3ffi CTO 
<£& ®fMl3 CTO Mffa TO 531 31313332 C*H5I3 CSIC&T ^*fC3 
C>iMH3IW< *33 ^3 TO 53 I 

^*f^?3<T5l 31313 «ran^e *3C33 ^3C3 TO i£)3f£ 3^3 <313*11 
3T33 *33 (C3T3T, 3^3T 3T ?fVI?l)3TC33) 3^3 TO 53, 313 315 T C31 
3I^C33 33*313 3\C3 3133 3\C31‘3 *31*33 ■TOT 53 I 333 

i£)^ 3133 *33 C3? 3C3 <115.1 *\aC3< ^*3C3 ^TT^Ms 53, 

3^33 ^33 *3C33 3\*T*3 3*1 C3C3> ^5(13^ T<] <5 'WIC^TTOolMs ?33i3 
*3131 ^C®T3^3U^f TO=3^nC33 MlsfNs 3^3 ^3**3T«l5l' 

<331SI* C«R75 3133 *3C33 fe K*1 313 I TO! 3133 *33f$ TOTO 
TO1C3 TO53 53 43< TO3f3315^ 331TO TO1C3 M53 

53 1 i£)3 TOT *£)CW3 3C3T <iM$ ^fv&^C^FOTsT 53 1 33 C3'*ff 

^C«i<PaH 2f<l?53 53. 33^ <£1^ 3T3 l ?C , s?3 3^T5i 313 »£|3\ ^C«l3a3 
33T5C3 3T3T Ms 3TC31 TOC*TC3 3315 35i 5C3 3131 ^ 
37333^33 C3TC33 3C3T 3f3<?5M<F-3TO i§*33 53, 313 313 

TOff33 TO31C33 \s1<333 ^3C3 13^*3 TO I TO*TJ TOTO33 
fcfav©l *rf333*C33 3*C3 ^3i3 ^%?FM3-3^r 4TOIC3 3?33Ms 
53 311 

TOM33151 *3C33 ^ M33 3133 ^33 ^f^3 3C31 3^ ^3fl5 
91I[et3TC3ff3^T3 3*3^ 33T 53, 3T5C®T 3T^C33 33MIC3 
3?3*a3IC53 3^ 531 3MST3TC53 3f33T3 C3C3 ^[T3lw 
3%3T 3T'Q3T C3C3 3TC3 I ! ®I3 1t n ^3 TO! CTOT^C^ TOi 
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*P*I?T mjm TOT TO“fTO (Calibrate) <^\ 
OTTO I STTWFfiS CTO ^S? <£|^ 5TM STTCTOS 

$$ I *lfTOsW ^TnC^T ilTO ^C^tvol 2£?T I 

c*rfcrfa?rrc ^ sm m ^ cro$ 

fpft 5 ’®' 'Sf'S^MTOPT 3R I 

\ 

^rfjRTtef CTO 

stotto snro c^M^ram cro 

*f fmfa TOTO TO 4 $T*\ CTO Wt«T TO ^ l ^ 7 \ 

cro tot ^nftfar otto ^ i ^ncronra to 
JMM TO ^sfem TO, *TT?T nfWT TO(ts\s WM 
fcfoora ^to i ^iotto €\m tortto tot <$- 

%*[ C^IOT TOTO ^ *ffi*F© I 



*w-c*tirtfnR ( s *rtts *rm%i ?it«w 

5. 1 : *to-CTOR£rR TO 5 ^Tf^F fgRTT 

'wi c i^ src*n tojt to^ 

2fTO CTOHIjR 7[<TO 3CTOR ^?r I ?OT *TO (Principal) 

wraw&w ^Tn^ITT (n) Wfo (Orbital) c<FI?TR^ (&) I 
^sfrg^j (Radial) CTOWb'W Tf^ST (w r ) trto ^FTOFCTO 

w; v£i?r cro c^ i 

(5*1) fej f<f^# W>IWRf 

3Wf*J% 3CTO I CTO£ tc=T#OT wfa C^tfop '53C^T (Orbital 
Angular Momentum) f»#<t <nf*T, WHT (5.1) fei iSg 

C^ffa^ Pk ff5#S *TOT TO I ^ Corf'S 

$(.«l<pac*iS ^M'©'*| \sC«1<l TRC^T ffPTOC^ I 



^3W Wfa c^tfq^ 

v£l^\ ^Vt?! 'i4N^'*i&?T«-|\D 
awt<p« i 

cto fro taPfl^T H csfar^- 
CTO ^T ^ ^f^CTCi 5 SfT?*Pa TO to w^c®r ctoIto?:^ 
*nC*CT Pk C's&ufbtf f*r5lT«HJPt CM <£)^ tfC’TO vb'Qfl ^fTOUT 

TO W?fC^5 ‘*TO CTOR&I3M *QM’ (Space Quan¬ 
tization Rule) | 



, 5TT?r e f 3 tlI ^nPTCI 
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v£|^ ?QS Pk C^t«R5 Fa#<T 5$, 

fw CTO C^#?l H v£)?r Pk v£JSIR ^s^^foT fro* 

T<Rj^" 30 O H Oe£c*iti ^r?\»^*[ Pk ^Kim (Compo¬ 

nent) 5TR 

p k cos e = m (5.1) 

mQ*TO 0 Pk v£i<I\ H CTO I m vfl^sffc +£*f- 

7R*Tfl I k£HSt <IeTT 3R 'CFH^ CTOR^ST ROiT’ (Magnetic Quantum 
Number) | m ^ 7p-^r<| srR 3C^ 

rn — h, k - 1, A* - 2, .... 0, 1, 2, . . - /• (5.2) 

m vflil (2/r- + 1) TO SfTTOs TO I OC3^ 

n ; . = k —— (5.i) Rsffaro iq^ vfjss^ ?n?r 

2,t 

cos 0 = W (5.3) 

RsfiTOt (5.'2) ^5R^TC<T 0 0! C {T$<^ OTl> (2/c -f 1) RspRP 
TO TO^Cnc ‘'TO I ^(TS CTOf v£J^fl> f*rc<P<q RTC^C 1 ^ Pk 

(2/c + l) fafaw faRi*'® SfTTOc TO (5J2 

5®^I) I 


| H 

m 



’m 4-2 



fwra^f i 


*ro 
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wi; 'Q c**epp ' 


C3rer-5wraw#*y ^ '^3 ml 3Ttc?r rwiv&t 3?r3 3W 

WH t&lS<PC**l»Q 3T SOT^f 3T 3RT 53, \si^Coi SU.c'RaoR 

3^33 C3 w 313 * 5tt c^r Pic {&§&[$ 

% k + 1 >M<H fw >^53 5^31 £3 C313 fW 

3T3 31 C33), §t«T3Mt>3 *rf¥ 33 W *£J3^ 3£3 I <£|^ *f% 3313*33 
(3-31j *rrt fsw'tlw 531 fap'g ^“33 3^ ^3fl> 

C5t*3<CTQ (3T \sf®TO) fw faRTI 3£3 Wt ^T3*$CT3 

csfflj *fm 2 fqs cbN^wam wot p> f^33irc33 

&33 fcF©3 3t3i ^rasn«i^r *ffe*\5'M3 *i% ^33 ^n3 *q3; 

w 43^ k C<M3MSr 3l?Wf^ fa^3 <k<t 3T, c^N3* 

C3T3T3£l3 3^3ST w i£R ^nSf'Q f3o% 3C3 I 3*TCWt R33T%3 *T%- 
*fh$ n, k ^ to <afc f\5Rf$ C3RTT3£l3 3^3sT *3T3T 

Wrf?^ 53 l 

csfawrca «ff^\si;33 ^ 33*13 T^iw^t (Spli¬ 

tting) 35^ fa«fa 3*31 313 I C3C5'£ ^13*§3 43*f£ ^1115^ 3*^333, 
v£13 333^33 $13) 43*T$ \afv^33TC53 3^3> 53 1 3f*r $Cai3&31S 
f3$F OT*OT af« FOTFSS v <n3 "5 TR?vs% 53 43? «> \sf3 £3*^33* 
Wn 53, \sT5t«t v = w/ l 2tt 53 i ^ ^Rta3 *$11313 53 c > 'ol5C®T 
2ff>o fot;"®. C3 w f3^3 ^33 fer 33if5^ : $ii3TC33 

3T3 < J v 53 I S315 3131 53 

i = c v = eio/Zn 

433 OT*f«ftft3* #T r 3T1313 <: 3*3?T 43*T$ 3^ 3C«T 

3*r‘331 3*tll 53, \sl5C«1 4?t 37313*13 v s»?'5S-3vs'3l1lJ 43 j l\> ‘RT* 

b'^U^' (Magnetic Shell) tr^oTT 3 M 3C3 3*31 3131 €fs$- 
2MIC53 1^33* 1^313 ^ £313* $331 313 C3 RTo b^C33 

^b(R 3-513^33 (Magnetic Moment) sn3 5C^ 

7T T 2 i ewr 1 

* = —" Tc~ 

^R1R3 3313^3 ^T3^3l3 ^313 e- su - ^13^3 SfW 3RI ^3 I 
to c ^3 3*^ ^W4!a^Tlj<l ^»3(R^ 5^5 

p = rn c r' 1 <o 
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^\S<£R /*> i£R\ V 


pIP 


e 

2 m e c 


(5.4) 


«nW*wfa ^nf^vs ^fwra' c^N^-si^ i£w 
m.'w >ivi1<ii<jfff (5.4) ^rrarr fatfrfe ^*rroc^ ^rr ^ %*f- 
CFN^ (Gyro Magnetic Ratio) \ tfsrfcf <RTT *IH W 

TrIw! (5^4) ^< < ^|4I<1 CTO^3 tR^WI I 

^c«i4ac^fl ^»<)C<i^t p, = k ~ 

2rc 


Hk — 


e 


2 m/ 


Pk - h - 


ch 


4 7 Ttn,,c 


- — k 


P-u 


(5.5) 


ch 

P b = - 47rm - = 9-27xl0~ ai ^iT'QTf (5.0) 

^«TT ^TsT-sm^KR^ (Bohr Magneton) | ^ 3 - 
SJT c f?W 0>lM4-alV)C4<J v£J<^ I 

c*rc^> ^c5T<Mac^ ww, '«tmvs^ 

C'®$<l (/**) '5TI4 G4 < l? c [4' '«-SlC < J^f (Pi.) CoSfG^ 

*Q*f\ (5-1) te ^ *f^T> CWR 3S?R^I 

^TC«TORT CSiR^ Ft*TT ^TRT C$T $t*T4$W3 $Rt 

v£14f& ^1<1^ | C I”C4 Cbl^^-SlW >F^(fT ^5 tb!*^ *l«?1l<Pl ^C®T 

4?*RT <F=TT ?n?T 1 #WW 4 *f®Tm ^TWToS 

t*»PQlT'»a|^ T<fHv>\s STR/F I ^R'»I(.<J f^TS^ 3RT3 ^STTC^T 

wnfeiT^Rf *r n ttap < 11 < 1 < 11<1 >sMTc*®nT^fN2> ^us 1 
^‘ 5> raW 4S 1Wr c lf^ T<p*^ G^IW '^lG r ‘TlT«iv© 5?Sf RT I ^ 

*R?**fS £&fcj^-5T*RF CbN^f/KSM 

OTICT jws C*rC4 ^ CW ^psj? 4G4 "SfTR^R (Preces¬ 

sion a 1 Motion) ^ |T<re ^ 4 ^ rn<$ I f&F CT3R 
®rr^ C5I^f^ ^fff ^*4 (Vertical) ftf^Rf 5fW «fTC^, 

Vsi^cci v 3«*4 1Wt^ ^ 4^f ^I?R5eR ^iT\sc\s ^l<lT\s% 57eo 
i 

H w:*n *ram^ hWr ^ 

t 

Eh = —J^k-H 



140 


W 'Q ’if’&'RT 


Pk H Fs#3 W^TrsJ ^a?1% £4T«T 0 ^f, \5I5M CTO$ pk 
Pk fa^rafax,^ ^r, v5i^v£i^ ^usbtt 

eh = ^tk H cos 0 

WtWf (5.3) yCtfo (5.5) C5 jj^s w?n ^ 


Ill 

e H = /*b a #• ^ = /Xn // m (5.7) 

TOSft src*0 CSTT^ “1% Jp ft< RW 

(J.31) (,5.7) 2TO *rfe*3tt!S >I^fNk ^ g 

P-n\m — Enl-jrJAll-H m (5-8) 

(5.8) ^ra 


£,).„ - £ »A+ 4m „ r H >" - Kt-r’»l‘ 
— E-nk~\~ m h Vl 


(5.9) 


V/. = eH/4tnm t c. Tf^qf^ ^ ‘SfR^ ^RR-5^H 
(Larmor Precessional Frequency) i 
n 094° k *iT 3 i > \s< 5 '| i Jgi v£j^r ^sjh '•344 5?r »tt; 
£K\sl4?S (2m + 1) ^ 4T5iT4lfe ^Hs *lf^sC<T 

Toiler \a ^c?f ?n?r i ^ '^k^isTI n <3^° & 

"ife^csraj xt*o 4 c fw 5 te3*n?r 

3/8 tt>l*^4G , 4G “£fC?n*?T ^313 ^TRl C 5 ^ 4 ^W*Pj T<r«5i1V© 

3ss xra i u>H4wmii t^sfes »i^p®w 5TC8T 

^gssi*f Wrf?F5 ^ ‘fax^-X^T (Selection Rule) ^T 


A m — o, ± I (5.10) 

(5.3) fonr k = 2 *lTf*v=r* £SfC4 k—l «it«*v->W ^TOPCTST =^T 
tb^4Wa ®rfRv5 1W®R W«fH I 

fiTs>f^ 4**m4 ^ 

AF _ (F W fc-|-/4u H m) (F n ^ ?, /-|-/£b ^ m ') 

v ~ h ~ ‘‘ ft 


F„a - £ 


n> 7.-» 


ft 


+ 


Mb** 

ft 


(m — m') 


eH 


V = V 0 + 


hrm e c 


. A m 


(5.11) 



■*FT-WWM®BM; 
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vfl^TTW v o = (Enk Enk )/hi^QQ Mlc<rVTlT>?r ^Tlf^ '^TT^F, 
tbiNTOW ar?fTC^ <F**fT“^s I Am = o,± 1 

3rr, ^sva^ ^f ^ c ife1'C3*fTf£ T\s^Ti> c?r^n?r f^®rfes *rr?r \ 
T<jv«piT'S7\d ^tt^f 

V] — v 0 (A m — 0) 


y 2 = v 0 + 


gjf 

4-7rm e c 


(Am = -f-1) 


v 3 — v 0 — 


gif 

4“7rm f) c 


(A m — - 1) 


^<r sirar aewffcr spnr^ ^if*f c?rera *F*nrct^T to ; toj 
^ CSWT wfa TO*f ?WH WTC* ^PWIGT ^rWs 

«TR7F I ^ ^H^TR 3.C^ 


Av 


eH 

4mm r c 


± v L 


(5.12) 


(3-3) fe c«[c^ 5^ ^cvs us w^i 

iwTi c^fra - T<i'»iT«rv») 2^r i fe^gj w »rr 1 fe 


k 

2 


I 


✓ 

✓ 

1 

v>"_ 

1 

f 

1 


t> 

n 

1 _._ 


X 

Ty 


1 1 


i 


1 


, 1 




-I— 

1 1 

1 l 

1 l 


! 


t | 

! 1 
|! 

+ 

1 1 
l 1 

0 

1 1 

T 

!; 

II 


a 

i 1 

a 

1 

e 

1 l 

E 

1 t 

E 

1 j 

i]_ 

< 

l i 

1 1 

< 

■ 1 

4 

< 


-*“T 

-jf f_ 


* . 


Tj 








m 
+ 2 
+1 
0 
- I 
-2 


+ 1 
0 
-\ 


fe £- 3 

stTvr ferr ^*tswfe ^ff5i«f 7^1 

k=2 <e\<R lc = 1 *ife\s<) 0>W<F(?*Kr 

$rfe tara vFRfeF srrcnu 


Ctf^fR i 
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^RTSrw; 'Q C4*H4 “jfe 


C$R4 TOSrt 2Fa1?RR 3R CT CFN^ C4RRl?R WHR M*rS> 
^ife's'oR 5ReT W^fsT C^fT 5R 4**n\4 ^WR 34I 

^R34‘T 5 4<I7>f Am = + 1 7K3R«rf$ fe^Rl 44T 441 rnf = 2 
£<?R4 m = 1, m' — 1 £**(£<£ m = 0 m' = 0 tsj £4 m — —1» 
Tns^Iu ?r4R 34 vat^^f 4 \«irc c r 4M i fe^g iat 

felfelt 44R 34I 4T£5?t £T^S*OT 5Rff5JC«RT 'SRI 

<a4f£ 414 C 44 T *n<34T 474 I Am=0 km— — 1 

4^*47.44 447 $ <p^ r<I4T RI'QRI 414 I m 444*1 3C^ C4 

^RC44 44< «ftr.54 4fefec (Adjacent) *ffe\a<$j;T<?l4 RTR^lfe 
f<|v*5l^W<J (Splitting) Rfencj trr 34 1 

C5t^<FWaRI SF5TC4 ' p fWt c t; 4^4 ^I^RWEf T<M$H 

3R%SR 5ffl 4CsR ^Nr (Zeeman) 4 R<> fWR^ I CTt'GRI 
*RV|i>HC4 4«TT 34 ‘erlviR fen* (Zeeman Effect) | >ih|\sH ^fe- 
&;*«f s I?i \ss§4 4i3TC4\ »at ferr4 ^4 ^t 5 pm 4<n 4*^4 1 ^ ^9 
W ^ xv tT°^ 4144R (5.12) TRfef*! RT4T feftfes ^RW 
SRC*! 4fW«it<i fsrcer 4T4 1 44M4 ^fes744l4 ^r 44^ t4T4- 
(S^lT^ 5 %4I'«H t4 r i4RT>T4 ^4 Wq C4€4t W4T 
4T4 ct 4*fWfa44Tf5' /#mra sr«it4 fetffc C44i4 

T<5\»iT®?\o 34 1 <at 47 i T<j'»i® 7 ^c4 <r°rr 34 <5 4t«tT‘<4 ©?%ih fen’ 

(Normal Zeeman Effect) 1 fe^ <p ra s NR *4T4T 4^4 4R 

wnt 4^474 ty^TR fen tn 4 T 414 i 4R4 

*14*% Cb^^WWR 2T^T74 t^Cfft 4<w1r.44T?T^fcT 

f\sIR4 isrfw ^^P4 34414 T4^ffea 34 I ^§474 1WI^RC4 4®TT 
2?R f 4 |v<|\p|T <14 ^^vjh fen’ (Anomalous Zeeman Effect) | 

441^4 ^5^5744% 4T C4R!^R RP£[t*ll 

'4>jv<|\5j|T<4 'Srlwi'H fen RTT^ MUiTfl 
5. 2 : $r=fejH ^<4: 

^prtwTw fen 4 T^rrr 44R ®Rt w:*n tc®T4&c?RT 

^TR v£)4t^ *3 <iH^ *nfe 4dC^ I v£)t 

tesr^tasf (Spin) 1 ‘s^f5R s (- crsr Tg^R tnf#R4 

4|l<'^rj( 4«1< RSR ^[“SR C5R7' c '^C4 C< fc L?d 4W 2lfe bfe*f 
(5444 4R ^t«l% ^S, tc°14^T $<* OTt ^4ST C4*BTC4?[ Flffe 



*14% 414*1% 4IT«ffl 
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41143% 41WI3 ^ISBf °1iy^ 4%% $.co S||C4 l 4 >,(.°T<p§(.M3 <3^ 

S14T4 V% 4^%SR 4^*141 4CfH ^>^<i 4IM ?(]^>5 r *ri^' 'Q 
feR( 44 N (Goudschmidt and Uhlenbcck) i^T4 % 33 R S |', 

4T3% (Alkali) *{<141^ 41WT 444 ^TSI 

^nsrar wfR (4 44 444 , >rbs4 ®ri < v ^<i c^ff^ 

4IC4 I 43k£ 14 'SrHJ'Q ^C°14aC»l^ C4 < iT e t4 , o<jC<J^' 4TC41 

5TT^;^W; <3 &*RM4 V OT4R C4 *H4% ’(M c ^ <Ff%rt 4T41T 
44?s 3^®! 4^®% ^?Th^s C4ifa4 '©4C45T 3>G?n v5lb'® 

P * = A 2 * (5.13) 

<S4HR s = S ^ ; n4 W ^?T ‘4;®!% C4I?IRI% *K4TT’ (Spin 

Quantum Number) | vs>f^ s t 4 tfc^ 

IPs i£)4?b <5lT*f I 

■^<44 Sft*n ^(.ci^aR^ l f^ S14T4 (.411*14 '»4C<t‘5T ®llC4, 

4*4% £4^*14 'SJ<1W < 5T (Pk) <£4° ^414 ^IC^iToo 4^*% 

<©444 (P«) I ^TT4%4 C4I4R1% <^?4fM 44% C4tf“T4 ^44r.4<T 
SIR I4T4-W4^5 <5R;£f1%> (Pk) ?R4nf$ £4/4 4TT 54 I 

4^1 44% £4%4 ^44^4 *1% Pi fe *4T4T 1%T%T© 44T 
414 \sl5.C s 1 4?T 

p, = 111/277 (5.14) 

v£l4RR 1 4^3R ^R;tfW> 44% C4I4R% 414 

7js^T4f SRI l — 0, 1, % 3..„(n— 1); ^9% l — k—l ij^i ^ | 
k n^TI^f £41*1 M% ^R;£f1%> 44% £4144% ^n4TT I 
^*fT?R tewiTSTT £4 C4T4-W44^ vUq k = l 4444% 5^ 
%1£*F4T US*f\ 5TT4l>T ^4% ^4475, 414 %fF4 <3 44R743 ^R;4F© 

5£B£ b = = I (3.12 5^41)1 ^U*^%4 C4I<IM% 

a n n 

4^%W 'SR^fcfi' t£K4tZT Z = 0 ^; 4W% ^T4^R4 44% 
C4tf«(4 ^£451 *^*TT 1 7}STT\sR 4=tf4rTT4 (Classical Mechanics) 

vs^ ^H^l^ll stC^a^lTb <i)C4Ca ^^R^T4T4 44^4 4fRf^% ^TT 
C4*h4 V&t 4^4 ?[<lffT s^gfyr (Simple Harmonic) %f <(4 SffssFo 
^C4I 4^sg 4I4%4 C4m'RT% <^?4rll C4T4-7RT4- 

uf*s ssi^?r si\s ^iw%4 sr:4t %1¥^ 44^rc«f orrr ^c=i4ac«T4 
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(Model) ^swrj ^T ^ RT I WHIR^R < 0 ^?jT *50$ 
^**RT OT ^?T S*T ^C=l<?aOT RRSI ‘'RTCR <7R WWW 

OTR 30 M Rv 5 50 «flW ( 7 -H R R fflgR ER>RJ) 1 <£& 

' 5 rT3R-C 5 R (Charge Cloud) C^*!iC4<I N SMi<v©^»T*t s t®T 30^® 

*TO, W3RT •TT'Q 5TC\s ’TO I RRR <£& PW ^\s^»fNT O RT, ^5*R 
§C«T3*yftR3 R*R]T i = 0 | 

^“rco ^sjottsrt tso> ort rr o ort*!^ rcrj ^cci^aH-g sif's 1 

<HN5T rrtr $rj ?s*m w n > <i^% cwA w 

* R;«fR wrhSir rott *, fvsRfS wrirt>ir sotsfr i 
< 5W w Cb1**WW»fl' O. ^RR CbN^ WI?[|^1V| T(K*m ( m ) 
SOMR Ol 

*£!RRR to*OTRI CR ^TR^RR* WIRIER ^f^fTT ^RIRl 
wff«IRs s»RtR?51R RR RsftRRFT (5-14) tRW ST'S RR ^OF¥T fer 

5?r i 3?f ^ 2h = VZ(/+i) --- '*TT'Q : ?rr rir i ^r sir ! ®R*n 

In 

*Q7f m?5 RR CRW I CBfawWUT f<F^ P? W&fi* 4RR 
3 i ''S3 5 R.J«1 Ttc^ ^C'O ’TO CR ^Tm^CR <3R 

^’TInCO (Components) str O Picosd — m l h/^ir, cR-rrr m i 
RSRTrf£R R*57RJ RRR^R O l > ( l — 1 ),•••—/; m, ^ CRi£ 

(2Z +1) R<Rpqs RR RTRR *RO I ^fr&SQW Pi 4R 

R^R &*r*«T lh/9m *>r i ^Tefrc ^CRO m t = l O > ^O £RS 
Pi tfei'CRR RR ^OW <£|^ -q^'GR ^’TTvCO RR ^EO O • y ’T^^S 
vaCTO'Q Pi 3R^ 0)h4W^ ^5R?R fRRJ^a 5J75 ’TO RM 
fw« ’T^TvsR WTRRt>TR fRiRs WW 1 S5C?, 

cb^^wanr Pa c\»#?rf§R ^;^vi rr 

(M/2tt) ^ r^CO M RRR; ^«fT? ^CWT Pa- 

OT^r cbN"4Wfi ^(T®?i;w krp^s «nwi Pi r«#OT 

7RETRT feTR (5*4) fef W^R 533m I 
^SR^’T^O WRRt>R ^ ^*1^ wtf*W 

C^o RR p e = y/s(s+l)fo/2m, c^^nR O; ^ sir® 

3R^7p?R (,5.13) C«OJ 2T^ RR '5^’T^ 5 T T'O^I 1 ^©RIR ^OflRTR 
^?r»rr v* <3 Vi (-5-13) ^ (5.14) ^sr^i^ Ir^ts' 

RRt R5^R OT ^O 1 
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C3C5$ ^ a$T3 c^? 4 ^ ^3C33 p { « p, c$f fa 

3tH ^543 ^c®t#c33 c3t£ cstfw ^3t3*f p, ^ c^$i33 

sifa (Resultant) i 33331 fa3t^ 3T?3 

Pi = Pi + P s (515) 

C333T3$r3 ^ «J5pT?lt Pi >K3ltffa SUIT'S C$T3T3l>r?3S 53 I 3fr 
C*T31 3T3 

P>=i%* ( 516) 

^T5E«T j 3*3]Tffa 313 sim® i ;-c¥ 3*n 53 

‘C3T$ C333T3$T3 *K31V (Total Quantum Number) I ^£33* 

333 pi, Ps W Pi C^5ifa?[fef3 3TO ^5TW3 l, S 43* ; 

C333T3$T3 3K3ITSjfaCT fafosj «3£3*l C'tf^fa 3iFl 

?^»r 53 i otwoi (515) 33t3S3CT3 *tf33£^t ^tT'6?n =^t?t 

> = / + s (517) 

j C^®f fafifa 33T3J 3T3 ?333 ^3£$ 5£*( / 43* S 43 ’TrWf?re 

3*1 33*3 53 \si S331 sotsr i 4§; 

*$13 C3>T3Ti>T33 ?p<T 3T5TC3I ?3*f3 3*31 3T3 I / 43* S C^3*fa ^fifa 
*tT3**rf33* ?33)T3 433 53 C3 C3T$ C^t? 4 !^ «3W*T pj C3*T3T3ljrf3^ 53 l 
C3T$ C3*T3T3$T5I ^ j 43 ^ST3I 3T3?(fa 3T3 (/ + ^) 

C«I£3* ^T3¥ 3*C3 43* 43*3* *RT *33 ^ 13^3 3T3 (/ - s) ?3f 3 53 I 
Sfsfa C3T$ C3*T3T3$TSI 3**133 (2^+1) 3**tf3* 3¥T3I 3T3 «[T3*£3 *fT£3 I 
4^?»T 5t®5 

j = (l+s),(l + s-l), .(/~ s) 

*4lfas 333 / 43* s C«3*fa jjflfc *[3^33 33T33T®T53, ^533 
j ^5^3 53, «fT3 S 333 / 43 ?3*f3^*fl' ^<13 f333T33M 

(Antiparallel) 53, \s«R j J03®3 53 1 OT5^ 43*fi> 3T3 tl*F3*&33 
C3 m S = %, ^v53R 4ETO j 43 C3*3<3 3T3 3S3 S 

■ ] — l ± J 


* Hi 1 C^mi^W ^ 3 f 3 ?{l VF^ C^«n 53 pj = v/;(/' +1) 


A 

2 # 


I—10 




146 'S C^5<E 

/ S Vjfi 35 s -T3 ?!§RJ faFOPT (5‘5) to 

C*F*IH 5C5C5 I 


S = 


\_ 

2 


A 

;, 


{ 


j = t + ] /2 

s-Vfe 

u 

l “ 

j-l-!6 



s ^ uprise! j cetera §s*ife 1 


vswft C5 ^(f l > j 55 , j <stf 

(2^ + 1) SfH I *ra*CT l < s 55, ^T 5 ^ 

j C5T(> (2/ +1) SJH 7f3<J l C*ICW CTO j 43 ^H^Sf 

3H (J - /) 55 I 

sito ^ 4^fi> ^*33^53 ^ 35, *rT3 brj 

S&el^lk'^ 4^I>1 ffTS?3 CSl^-SiTW 2JIW I ifiC^CS 
[X g 43* fe5^tp?3 ^ <53E3*T p s 43 5l*[*IT® ^3*1 (5*4) 

1T31 55 ^1 1 toTf \s^ (Dirac Electron 

Theory) sisprcft 4§; sjh 35 


\K 

Ps 



(6*18) 
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<flaTW Q a = 2 ; 

J!* = 2x -?- 

p 8 2m e c 


___ „ c A e/i 

7[\S3T" [X =-• J»' 0 = ^- — P» 

* '' 2tt 4 :mix 


m e c 


(5*19) 


feewfcpR fiTSf^ C5hr<F-5TTO5 5TT^ «T3-5lJTTOfcrc 5T51TJT l 
^ C«f^TO*1 C^f m<fNs[sft I 

c*f«n cto w a<RT^ toi srj ^OT^tenr 

CSt^-Sm SITC^, 3T<r SIR 50^ u k =k\l B ( Jisit^q 

5"5 5^1 ) I CTOR$R vs>$ «f^fT5!l &8* wk C&tW" 

5TTO3 SIR TO 


^ = 2m t; c P l = l ^ n (5-20) 

ft «W ft, fespfdra «£l^ ^ aro C5^-5T5IW?I TOJ C&k^ 
fcfoTO TOI fitft'd / *T B aS' afoft *1?^®<I ;=/ + £ if)3* 
j = 1-1,*\kffi *ftyTO fc^T?s?\5 to to i & w p., src«n 
§aRT^ C&fa^ *FC®T 4 C>t<T *ffel TOJ *frsfoj SfTFF I 

a<RT3<T TOI Ic^SsOT sfai 

(Resultant) fafa to a3siT®pr OTt> afoas - TOS 

a’afotfF tot«[ 5 afo<sa’ (V ector Model of the 

Atom) i ^ 31 versify feewtora cto aa*n*pi <?m; 

^TOa afoarT *to ®?^n ^laia cs^for afos&caa toto 

1 


5*3 : ^tft5 9 mi^( 5«fWt 8 5<t#5 5^T5l 

|C5F$fcT3 sffa afo ?TOFT1 TO TOffc a<RT^ 5^Tsft 5IT5H 
^51 a3*T—4?psn «I^DTO 3«T1 SCOT I feffl^T *f*ast 

R?v»ST CsfccR a?rai*pr 5C5I feswfo’jfa TO^ W«T WaOT faifi® 
«itc^ ( 5'4 ^^jom 5 ^ 1 ) 1 faftraR, {Rksro, a^rfjRR a^fo 
^T<fk cetera aasiT^ a%w ^5*5 toto ifwfifcira feswfa 
«ITCT l (Z - 1) SftTO C^sgTO «^!T # TO 
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*RRT»l « 


(Closed Shell) ®rcf*v5 c«n«P «trT^ 

5ITCT I CTC5$ teswfis^TsBr W5I?F SfTCH Z 

^fisTOR *RTW RRRCT (Screen) tot arc*, ct$brj 

SITS JRRTC 5 ^JRTCJR a«[W $J?5 51 t^ I 

c^ fspnw «a| tfsaOTRr fcpwfcihr *t&t ^s^$i 

SfoBTCBR ^*T *RRI*|* I 4£W3 ^T»ft 5^S ift lfc% 

W*fCT ’TCCTTBrt (Valence) ^csrcMhl $*ri£ 

W?r i 

sfogrcBR ^*t *rasiT^r “ifes^fara *ftm *fasiR ^ 
2WR58 n « l ffi C^SrSr *TWRJ §*13 I faff'd n »w 
*$<&&$ smpifo^RR ^cs^tera *i?3<i6ct<t bri 11 



CTTfSITCTa *r?¥33 faff I \Q$ ?5CS ^CSRfipW vfa fe’ffl ^1 I 

m fa®ifs?\5 scs *r?r f (312) i TOfa 

•RRT^B CTOr W£ fl <3 l 7{s*m 3*FTOT RTC&Hfa 

tpwifaft ^rstt*^ ?®sser w*w*(fera mw foffr s^sot 
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to, m tot m §aca cronfa sittos a^a k| ais t 
f«ro?i ?tori waca ato ’KCTTeft ipwtera ^ aro ^qairo 
ato*! to / aw §aa i l c^t$ sa, ^ s^ataa 
^© c3*ft i spca l = 0 waca w^akr “ft?? <3 

c^m ^ caw aia a?a as*n*pi »iTotcsri afe awi 

aisfoi a^raa^ c<r*fi‘ ?s 1 l *rs w su ^ ai^w ^ to \ 

aT<CTO SJH aTWT«8 5T^OT5R ^*\ asRT^ CTO 3T3 
mafas^RTw 5 ?Tsto s^a aT*foj (aaWi 3'31 ) wi ai^RTC*! 
TO*F «*ft ^ I TOT TOkr a<T5TT^ ^TeftaWT^fa ataiTS 
totto« OTt ^ 1 (5'6) to caitorc a<RT<p afessa- 
asjc^ Ra’src <£W asTai a^Ra^fa-cwaH tocs 1 ^ito 
ca a4T*ft facsmaa TOk asa^a kto / a*=a^ af^sa ai aw?(to 
kcaa iTRwi TOrea 1 aai / = 0 aw^ferw a*n $$ S 
a? ; J =1 aw^fatE^ a^n ^ P aw ; l = 2 a^faw a®n ^ 
D aw ; / = 3 aw^TO 5 m] w$ F aw ; ^sirfw 1 

(5*6) to SaBTT^ ^TR^fffT ( C%T$ &Z*F ) aRST<T TO TOC5 f 
to S, P, D a^o rto<t m m$ ca a^air^ c^ai tocs 
ca^fei afescaa aarc ctohSr a^an // toa to i ssWTsaa- 
a?sa IS «rtoci?T cro n = 1 ^aU = 0 sa ; 2P ®Eaa cto 
n = 2 w / = 1 ; ^^nfw i atora^to src*n a^aa 

*itc§TC5ffi a^*T aaaT^a ana tofato fn^T&n ^ aT<n ?a«ftto sa 

( aakaa 3*33 g'Sai) s 

4/ = ± 1 (521) 

Rare S aw caE^ cto^i P acw asa, P aw cac^ 

S ai D acw awRa as<, ^^nfw i vs^ a< a^acaa tot ca a^Torl 
caalas^ ^a^ ^ ^Tcwa awi caat^kr a^Eaan 

’[?P5*fl s 

nP-^lS aan (Principal) caat; 

;iS-^2P (Sharp) raHt; 

;iD->2P k?TO (DifTuse) caHt; 

7?F-»3D sje*r (Fundamental) ca 6 ?! i 
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aaaTg <3 *fcr ato 

(5’6) to 4§ma Wew csrct ^airemat *Ksma*[fa ream 
TOTC51 ^cre acai caT?^aTrea cto aaR (Principal) caat^ 
D afaflraaTft ^afato I atf a ^ atoffeiai cafivTOR *IT^ 

care snrenrea a'fofe aai> i£m smreft real ami 

2P-+1S TOFTO* TOT vflt CaaTlfo ^ TO I S ECTOR 

*pp*r aasn^a cto real cacs af^ a^mftraam a^re ^ acre 
sttoto area aw ami am ( 314 asftama g«£aj) 1 $r*[aia«Tca 

TOt?T a^STT^ CTO<3 a^TeftCaam WR¥ R/(ll+e)*, 

$$ aacaa acre ^sama tore real ^tt?t 1 ^aica R tos 
Tritfafa's featf sma* 1 //' = (» + £) mauto a^n to 

(Effective) aaR remRfra *rcair 1 ri amiaa^s *£la<aji 
TO ai 1 area n Tjfasan tot^ e *rcajrf&a sir to am 
TO I e manto a<ai to ‘remRfra zrf&’ (Quantum Defect) 1 
S, P, D, F a^f* faf«sr acre cto s fer to 1 iscre sicai 
re reR csata fafes n-^a ®rt ataman e am spaa to 1 
/ ^ns ren* to, §a^Tam a^aa a^ ca*ft &rra£i to, s ^ 
a© to 1 tort /a® srer £ c^t£ to i / = 3 , f acre 
cto e am *1;^ to 1 ^<ik f a^fcra sir am ^c®Tc$rrea 
aa^fsra aarn to 1 ^a are*i ?c^ re / a<5 tot a?^ ^rera^afta 
^a^srem a^aa am uuafii to, ara sprei rerfS mT®js?ft*i 
sicai facaa m^area are ai 1 m afa am st^tcsr ^ 
a<TSJT3<T fesRsteRT a?TO ^Ufa TO I 

aaNn are real rerc* re caifTOTa D a<T*ikaaTfi> ^are re 1 
am 6 mnwto aiaarca mafs® ^ ream ami ^ 1 <sa*ii> 

*rram*i a^mHuaas ac®s?r (Spectrometer) aT^Tcai renfeam 
D-reaTa t'vo (Doublet Structure) c^rac^ 

aT^ai am 1 D x « D 2 caai a^n to i ^cre 

aaTTO 5896 <3 5890 srm to 1 af^s ^T#a aasu^^ra 

a«na (Principal) cHT'ft^? aa a^mrtcaam^ ^^ara ^ a&r 
cwac® aT<3?n am 1 

^5 a^a airan ^ai am ^c^alMa ^4a af^5 (Spin 



Motion) faw&Jfl ^ i ^ftasr 

CSJT$ CTlflHfcTO 3T^ j-$$ sih SfT^s *fTC?f (/ = / ± J) f ifiw 
^Sfl I <FfFt?[ C5t?^-3N^ fli W C5t^^-5TSI?F 



^rfesra ?f®tW c?wra foss 5fi?nr i D «sr? F "wm sn;«fa wfcre 
fa^rw* *r$ ^ s?r i <?T3Rj cf<fR ^:?rf=T i 
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p 8 4?r sfwi csfa$ tare spc^r Wfafr n o / sp^wr *ifoy®5 

^nswfo sra f^'«iT's?\s *ir?T i c^ra i = l + l 

3$, ^Rjifo OT / = Z - £ 53 I “rfw^HpW fa^TeRPP 

2R *fe®C3R ‘^^51’ (Multiplicity) I «jt^?T c*TO 

^ WF5TSI SIR I J1TCTTO55 *Rpn*pi 

CTOT ^fo ^ C*T?TRfrsi *K*IJ1 £?J 5, ^SyTSR SIR 

(25 +1) i sisifa af^ ©<t (25 +1) sra fa^fsr^ sra *ir i 

(5 - 7) fora (RTfcsR aasiT^ *ifoy®as|foRr 
(Doublet Structure) <7 t*ir I foff ww ^rra W 
P, D, F a^feR arei^f£<i fcrs ^ citc^ i P aw* cro 
j = | W £ ^ aira i 4§ ^ *tcct 2 Pi «w 2 P 4 fo^ m] 
fatffore ??<n ^ i s^a^sira D a'r’jfara c^ra / = f w £ 3?n 
^ a^foiw 2 D| « 2 D* fo^ Wf<n ^rai sai a*r 

P, D 2T^r« sraR^jfora *fl^ (Super¬ 
script) 2 m\ a^fora fatfa *?n srare i ^ 

«p»F?i9jfora ®r foraR aro 3 ? (Subscript) sri a^fcR /-v£R sir 

fout»r *31 Sjzm I 4*ITR ^SHIPHai CT / = 0 s a*f*[fol 4** 

5? I 4CTO (?ITI> C^RR^TSI 5R^n ;-i£R TO SIR Jj®*, 

j = £ ; TO 6 ! j *R W *RTO* 53 I 3?tr<3 s aw?(?a 4** 53, 

^e ifl^foiw 2 Si 4§<&a fe toi fapffoFs 3R1 53 I 

^<foR 5?£=1 fasifes *lf^335£53 5IWJ ^T^RI 
5f^Fsr«fsjfoi f^t^T^Ts 5p (Selection Rule) toi 

fo^Tfo^ 53 S 

Aj = 0,±1 (5*22) 

<R^3R 3HffS|*| 7(5^ 55 TO*R CTO CSIHj C^T?TR$T5i 

>r<^m j ifopfv&G 5R ^i, ^ ^ sirs ^ ^fosiK^ 

*ffo s r‘f^?r i 

(5*21) <3 (5*22) ^ *[ra<r ^n^iwi ^f?RT^<T 

3pg (Fine Structure) 5IWI1 ^1 



; MW *TT3% ^IT^m 153 

to i a*fH carets (nP -> IS) q4ritaren- 

>f3^<r cror factor® *i«Fsi*r»(fsi s 

n *Pi - l a S* (Aj = 0) 

» e Pi-i 2 Si (iiy—i) 

®a^\sS lift Ca^fas ifcl SIT^Ca I CTlt^TST D $fta 

JT^SfC'ffT s 2 2 Pi -»> l 2 Si ( D x 

ca*n ) m% 2 a P$ —► 1 2 Sj ( D 2 ca*n ) i 

(57) ta c^TTfeaTwa c^ca tafoar s*fr«iteroTa Sacara* te® 
?tea ^atoia* ^sre^fei cwt scto1 

5*4 : *T5^tw ; *rfs«!t 

arf*RiH Um$ csfratol® (D. Mendeleev) 
CSlt^feTC^ ffSRifsiH ^aT# ^Taak® 4SR 'sTCa 

Ca Wffa Ca CTO Catena C®tto 'G aTaTato 
a^a^fla acaj aca^ ^fT?*n caai aia ( *f?ato A-4 ) i *rwt*(* 

acai ^cewfora -Jtfe ^ir^ii TOa srj ca ctor£tst ^*rca 

sfTC^TTfos ^CaCS C*ft*(faa ^TT^TC^J CTWtol® fegrf^o lift *f*Tia 
srereta (Periodic Table) airem a^ai asa i 

TOai carafe cs ^fasn^a srcaj ^ratoa *rf^ faasfa® sa », l, 

S mK j, lift 5Tafi> CTOR$T5T wna aiai \ *RTOI*[PF 

afa criw c^caa aw ^rH® to ss ^tsc?t to can> csto-sro* fx, 
CTOa ?a^ ca«&T TO «ra^5PT (Precession) afocvs 
tot i c&tw croa aicnw wf cstt^ c^tf*PF ^aca?r csfSa y 
5RT?IPFSIOT TO CTOR$T?R 5p s^aisl (2/ + 1) WeST to 
*tTca (5.1 g'Saj) i cas?ai ?aW n, l « j wsj *r?^- 

(2/4*1) *K*IRS TO TO aTa I lift tot^s 

‘ot$ c^hih^ 5f^ir *» a - ^Tai toW^a ^i m \ 
m s 5T^T^a fa?fato sir9[T®t s 

Wj=/, j- 1, ; = 2,— j 


mu a^?F CTcaa sir H ®m% to 
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'S C*P 5^ *T&T 


C&fa? CTO ®lfa C5fa^-5TSJ^ fl, i£)<T flFSl *T1 TO (i J 

W H 4 ofa^-BITO ^<T §*RT ^'5*<J'»TC^ ftpBl TO I stfrc 
C&tw CTO<r £f©TC^ Hi 'S (U, 4<T to* 9 !^ ctf?^ *TOTTO (Magne¬ 
tic Coupling) ^tTssi to to <w ^awa 3 C\sj<fT$ g^*ff©Tre 
C!>lw CTOC3 5 3>C3 TO^T^TO stf'sC'S '5fl?rf'0's ?£Evd SITC3 5 I 3>TC®r^ 
4CTO *TO C5TT$ C^tf«W ^TO?T j ?TOR1 TO<T CTO 3CSTTO «HW 

»n i cttj c&te^ ctohijr *rc*m m 3 m toTsi csfap 

CTORIjR *K*m HZ, ^ C5fa^ CTOHtfa ^°^51 Z/Z, TO! *tfs?- 

Itoto fa<$f*\v ^ i 

^sSK SF^ C&iW CTOff ’TSrapJ S^P? «W 

“fa? t^ha n, l, m t mK m H ^ 5T# CTORfrsi *I*TO ^ i 
CTO? ^ fe*W&prc CTOHlfar ^JTSI TO *TTO ^ ($ = £), 

“fap ^n i£i^ ctoh^st *wjt1&c* 

*rtoc< m &c*r i to 5 ? &5w$ot 

cto ^c?n^ R<ri$ ctoh&tst tojt?t tori to to^i«i tor ®rj 
‘SfT^toT (\V. Pauli) WI ^«ra ^f*lft TO^TPRT 
£tst<ri cr i to ‘nr^fa<T sw^r tor’ (Pauli’s 

Exclusion Principle) i ^ siOT'f ^•pfRT ^fd 
TOT CT CTO IcSRtpR CTO ;/, /, m t « w s , ^ CTOR^R 
*K*ITR >fTO ^CT *TTCsJ iTl I *r*fa CTO ^ §tf?RGteR CTO 

aqf*f foitfS CTOH$R ( *wi zz, / <3 ;/z { ) *TTO 5*. sTOT 

5?sffi>?T (m s i£)<t) TO ^r#W<T TOT *pW TO I 

*fT^?5R ^fCTOF TO^IFR *f<RT^<T TO 

^ '©TC^ f^S «fTC^ ©1 ^4?f C^5 I 

^tst^i mh c*t faff 1 # n ji*»bt fesRi^'Hr n 
»fW^ ^TO^fCei ?3«T?SF3 5C?r TO I §»I?TO TOT 

/ i£i^ to wi 1=0, 1, 2,* * (n-l) i 

?z = l =^*w c^to^ ?T5n K wi K ctopt 
(K Shell) l n- 2 CTOPIW TO ^T L CTOPT, 

(L Shell), n = 3 ctorff to ?$ M C’WT (M Shell) 
4$nfal ^TO / = 0, 1,2, 3 ^#T fe*fW*W^ICT ^T^rtBFCSt 
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s, P, d, f te u?n ¥?n s?r i «usRn ®?Tfa ct 

criv* cro WvH l *r**m *i%®?r (2/ + 1) trsirj sir 
fa«Tfs?\s s?r l 4W<T acswffa bri m % Wilfifa ^ faW sir 
m& ; ^wi W, = O f ±1, ±2 ,-‘±l, ^ ^ I ^rr 

faff'd W, 4$$^ <R C^R fa«tf®?vo ^GffpnfcR 

C&fa*F CTRRBR 7{WR m H <£ft SJH 7j^ s w,= +J 

m s = - £ ; v£$ CTO *frSR SIR fo?T 33 • 

l §*rc*WW ®fR\©^To ^C«R&R<T 5R] OT$ 

2(2/ +1) «rfOT3 sirera *itc<t i sr^R Tr?it«& n c*n®K7r 
SR^o fesREfcR TORI "ifeSGR C5IT$ 3M § 

(n - 1 ) 

2^ (2/ + l) = 2u a (5'23) 

1 = 0 

§*IGRT C5rt<F MTSTCSR SRRI TORI 

Icei^sk *K*m TOt®ft Ms ^<n vj$ i (51) 5ira«te *K*OT*{fa 
faf^R 1 * ^ri sm& i 
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c*n*m 

* 

K : 

! 

T ! 

^ i 

M j 

1 

N 

n 

1 i 

2 

i 

3 ! 

i 

4 

^IWS( 


j p j 

i 

s p d 

s p d f 

l 

0 

0 1 

0 1 2 j 

0 12 3 

$^nwn Sftffj 
torj s^ttiR* $c«rcfcr 
^ 2(2/+ 1) 

2 

i 

1 

2 G 

| 

! 2 6 10 

i 

i 

i 

\ 

i 

S 2 6 10 14 

i 

C^TRKTR JIWI TORI 





fesi^rilsT *rcqn 
2 ;« a 

2 

8 

i—‘ 

00 

82 





156 


<3 m ^ 

Is jrfrfw ^est#* 5f^n 

575 *nza ^si k^rra ^?n to> 1 taxis' n = 1, 1 — 0 ca ; 
m t = 0 53 1 CTO'} w a = +1 ai — £ sre *itc<t, 
^53TC Is &*««F*fW «ITTO> *nC<T I a?«r vfl^ 

§WF*IOT sjft §EffRsgfa§; a^TO TO, S15W i£l^ ^CSW^faC* 

L? 2 fe toi kcff*!^ to; ak ^asffc to 

$CBT*fo i£& S»IWM a^TO TO¥, ^T5E?f (Tffes ls L TO1 
^<n TO I ^*k 3IT<T ^T^Sk $*fW*lOT TO 5 ^ 

ma =T1 1 TO*! 5j£*fl 3 nsTO CTO «, / « Wj 

aro sa, ^1 to3i Sto weak 1 ^arc *n&fai3 ^*ta#r 

toto ^rot sfc^iafS ^csrctoa ®ri m s 43 sir ^5i^ sea 1 

fof CTO* ni s TO ^ SIR 7rea, 3^43 \^k CTO 

tC^Ek 4^ TO*fC3 5 3T?‘3^ 3*3^ C^ ^1 »(T§f9Ri sraa^R 
sUsaTOTa *l?3*f^ 5CT I TO«1 WI 5^ §C«33£R3 43^3 CTO 
nt s — + i 'RSTSl^?! WC5 7/i g = — \ ^3 l ^f33T\ ^^k RM^lklik 
SRI IS C3T®1OT TO *SR 3T3E^ nTC3 R I Caf(>3 ’SR L C^Ca 
*fTE3 1 L C^Tc^Ra snc«fl ^ few(*f TO3*, I=0^U = 1 ; 
43 SIWI 1 = 0 §*fTO*fW *JCfa TO »rtTf«W 51 $ TOC\a 

*itc3 1 1 = 1 frmw»m m x a^ifik to octets -puear— 

m t = + 1, 0 ai -1 ; arereffia cto m„ 43 sir + $ 43 * 

- 1 ^ct arca 1 4§: §*fTO*tEs[ 3 'ostr ^a^a^a to3j 
ctorSr a?aiT*[faf (5'2) snap's fataa^ to stare s 

^fta^t 5‘2 
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&*ft33 *n?f e ft cot c?3i 3ra 4$ 53$ C3R Tf^ffr 

c3T3T3$tsi 7\wn ?rr sr i 3ot£ *n§fsi3 $m3#T 3037 ? 4*itr 
STT^H 53 I ^©3TC 2 P S*IWIW *1^33 531$ %t»wd!T «173E® 
*m l C3C5^$ p §WF*IW / = 1, 3P543 4^ *\W\] 2(2/ +1) 43 
3RH 53 I 4§«TC3 W®3 fc*TW*tW 5fST3I |C*f3$3 WJT3 k.m 
331 3T3 I 

fe*IC3TC? SITCsTTRl W T^fw *1337^3 3C3T $OT3fo*(f9T 31 ®7C3 
f^RI» 37C3 ®1 fa<13 331 3T3 I «TR31 3C3 C33 C3 *f33T<53 

C37$ &5I3fcT *R«m 43 *f337*tf33 V^TTl (Z), $7<TC *$73 ^13%^ 
'335JT < 5^3 SF?33 ?R3JT3 5KOT 3^R 53 I 

*$73 *713*?$ *TfoOT 3TC3 5I5C&7CSR, 373 *7337^3 OTJ 43l$ 3T0 
§C«T3t3 3TC3 I 41$ Is 3WW SOT I 333*1 n~ 1, K 
C37*73l$ *733T<3 C335C33 133$^ | (R§rj 43 3C3I 3731=5© §C®73$3 
SFfaWl fl> 3\337 53 1 3C*7 C>Tl$3 “ife'Q sjfTIs 3 53 I 3ffft3(fH 

^ C3C3 377331 BfT?3 C3 f 5 ©!/© 33^7 3 ®^ 313^3 »ff^ 

^3^T3 373t<a 573 I ^CWENTlfa'e 4^ 5J3 COT K»7 1 5ltc§7COTI3 
fesi3&tf$C3 t=TOf*f 331 3T3 l^ 1 5731 I *$T3 *773*113 Wt* 

C3fa 5151*7373, 3T3 *733T^C© |c*T3&T «77C3 l C3C5^ Is 

*rl3?SC3 *7^7133 ^t$ §£e73$iT «I73U© *(TC3, ^©43 f5f«RR;33 *7337*^© 
*j1$ §£573$^ 4^ *7? ; <?®C3 3731^5 ^TC3 I 4*[falC3 1^“ 1&5 3731 
1^1*7© 331 53 I 

?5?°13TW 4C*7 1$ C*77*7*7l$ *[fi 5C3 3T3 l C*7SRI *$73 *773 c fe 
333 »fta (First Period) 5 TIotsr 43 * f^ 3 T 3 4 ^ csfa 
«ITC3 I 

f3^3 *$73 (Second Period) ^ 53 Z = 3, fcltarsr 
C3t®T COT 1 4l$ 43l$ ^T3t3 C*lfa I 43 ^331^© ^«13$PT3 

3C3I 2f«T3 ^1$ 3TW K C^Teft^ 3^31 1^ ^^3^^^ I ^sl3 ^gf3$H f$ 

L C3T^33 5ft3I 2 S ^3^^3 3TC3 I ^331133 ^3^3 ?3J7IT3 
l^ 2 2J 1 , 4^®TC3 C^31 53 I 

*133^ C3t«T C3f3talW3 ’f33T c lf33 3v3Jl 5C^ Z = 4 ; 43 



158 


*ra*iT*l 'Q 


srIS It^toa srwi m5 ^ qot Is ^w«i, otI gfS «ot 

2.9 $*W¥*IOT I C#^lM IlFWfo foflPT 1.9 2 2.9 2 , i«$®TCT 
cswi 5T5 1 c^M^tw 2.9 fc*raraF*raf& *$ 5 $ 1 

CSltfff C3RW (Z = 5) ^T&f$ l^fr? «OT 1 iiPR OTJ 

2f8[Sf &T#5 hpOPT MkfeR Csfc«T5 !OT5&T foflTFR «r^5i*f ; 
*[<135?$ 2 P ?fmU$ 55 I «T<IC^ |COT&T k^PT 

Is 3 2 . 9 “ 2/ 71 vf^erw c=i*n 5T5 1 4?pf5 Z = 6, 7, 8, 9, 10 
5twji *i*m 5rk, ?n|cte5, sp^facsR, c^fe w 
5fhlC=T3r C^3 stfshp? *R 2/> §*IW1W 

5re ms 1 Z — 10 jfkjj?? 2 /’ §wjf*w feffWsN 

^1 5E5 5T5 I L C5PPf<3 ill 3KP1 *# 5X5 5T5 iW k\sfo 

*f$T5 C*T5 55 1 iftaS |CgT^&T fai5TOT 1.9 2 2.9 2 2p\ il|<»TC5 
C^T^n 5T5 I 

iROT ^sfa *kR (Third* Period) 55 fookf ■^TS'k 
C5to (PnfMT5 (Z = 11) COT 1 ilETO iRTW35 ICcRS&Tfij 
M C^TcUTT (n = 3) ’fTf’fS 5:3 9 fH5 1 Sf^OT ill |C9refcrf& 
Ss $*flWF*fw 5ffafaq* 55 i c>nfo&rc5R fonrOT Is 2 2.9 2 

2 P c 3s \ il!«ICT C*T51 5T5 1 *tfT5 >rT5«te (Pnfe5T5 tffrf«T5TCSl5 
il^l 5CS 45* fafa5TC55 sftel SRT 3 ^ «OT I fafaTORT 
5?5^ l^wfo 5X65 2 a' 1 , ^T5 (RTf®5TC55 5^ lff?R5&* 5X^ 3.9 1 I 
515*5 ltf^5 R J T)TC7r5 ill *fT^*ri| ill ^ C5fol5 C^ <3 5PfT5fa5* 
WffaSR 5T5*I I 45 COT a^TOT 55 C5 *f55T35 5WJ ^C5Tsft 
It^ta «T5^Rl ^f55T^5 C«ha <3 STCTSfa? ^irasft fa*frf5^ ^ \ 

•raprel c5ta snOTtatsi (Z = 12) smssr iCTq&tita 3.9 
^lT*rs 55 1 45 f55JTOT 1.9 2 2.9 2 2 p* 3s 2 , 

4|«TC5 C5TC1 5T5 I C5f5fa5TCT5 (Z = 4) 5KPT 45 5?5 , 5 

|E5T<FEto f55ITFf5 5nf»n ^5 I §«5 C^ffl 7f«5Tsft 
s §*ra^OT «OT i ill ^T5k ^5H (Alkaline Earth) C 5 ^t«i 
>rra«fNr ®cs ^1^5^ «ot i mu 5T^Rk^ <3 cste 
5^T5»fl5 OT ^*n 1 
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(5*3) ?5f®sr cetera Sesrafcr iw5 af^r t 

CTfa*jfalCT ^TtfriT *Rm?55* *K5J1 ^PgWFHt 5TBFH 5C5E5 I 

5TsHt c«rw <Tf^n 5T?r C5 ^sraiw K-c^s^>r *$ 5cs 5T5, ^k 
sfoR (Z - 10), siTsfa (Z = 18), (Z = 36), cfSR (Z = 54) 

C5®5 (Z = 86)—^5ft> enters c^ar wreror L, M, N, O 
45* P C5m5*{faf5 / = 1 an P fcWWPRS ^ TOT 5TS I C*H 

i£^T$ 5?^ w *$ 5C3 5T5, ^555 ^I?RT®pi 

ft f? 5*551 55 i to! 4^55 *RRi®pr *ipf *rj 455 ft 

35*1 5*51 51 45 5C5I 5^515 c^R ^5&TC55 5^R 5*51 «rap 
55 I 5T5TSfa55 fai£F5T5 *RRT*ftfa?r 5WJ 5f^5 

srtft i »f^o lie, Ne, A, Kr, Xe 51 Rn, 4§ ^ csfa*i5 
*1555^^15 *1C^ 4^*1 fcfasR! 5^51 *(5 *TCF I C5^ TOCT 

451 wh cetera 5*ro 55C5? ?^tep?n to 51 i 4W5 ^n 55 

§*?pit «!IPT (Inert Gas) 1 

4^5 ^ *155^1 CSlfa^friffc *j4 .V 51 p-$+ 15«F*1W?I 5%5 

WTO L, M, N, O 45* P 05T5C55 / = 0 51 5 Sw**lW 45ft 
TO 5*C5T®?i (Valence) &SFF&T «fTC^ 1 4*(f«T5 31/sJ5sft 5 ^ 

•rok C5fa 1 Tjtfifafavs Li (Z = 3) « Na (Z = 11) wt®i 4wa toi 
*kk K (Z = 19), Rb (Z - 37) Cs (Z = 55) 45* Fr (Z = 87) 1 
41^5 ^®*-55W£i (Electro Positivity) *{5 §®5 1 5T5T5k55 

fafsRTT?! 451 >15tSr^ ^!s|^ TO 1 * 5*C5T5ft S &SW&srf&CT ^51 
CTO ®?®*-W5T55 (Electro Negative) C5k*l5 5tC5 f5fa55 
555C3 *fTC5 I 4Ff5 55S{fa 4TOTSrt C*lta 1 4tft5 5T5T5k55 
*tfT5*ft 45$ 55OT5 45* ^Pf5 5TO5§: fas *1&T 

(Doublet Structure) *fr«?ll 5T5 I 

^qrof ?5®k SCS5 cat@!»[t9R! ^551^5 5C5J 5$t55 1 = 0 , 
s ^ ^t5 snc^ 1 5c^ ^T5k 

(Alkaline Earth) «rifa csfa 1 Be(Z = 4)»a5< 

Mg (Z = 12) 5T^i Ca (Z = 20), Sr (Z = 38), 

Ba (Z = 56) v£t5t Ra (Z = 88) 1 »aW5 5PiT?ik^ 5S} yRa^T5 

^ 55 taWft C5t^ I 
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43 *03 ®3*[fal3 Csrt»PPl]^3 *t33T3?[frl3 3T&33 S 43< p 

©*iw*w fafara ^«3T€FC5j for, m, *%, 53 «w to 

SJTC3* I C3 CTO *<403 ffiow SCS *ref^® C^fa^ES* n?RT^^3 
3^ TO*fC*f3 §E@I3$3 TOJI3 *rT«fcTO SRI 4W3 3RT3^ 3^T3«fl' 
fesf S3 I *f3*(3 $C3 4W3 C3T®?rei 4^ (£17^ TO ^ *(T3 I 
C3 CTO ®C5 3T3H^ ?3?«ST *f4TC33 C3t®T^«T3 *f33T«[35[CS3 3^*3 
^PPfSfa ?3 ; TiTC y f3 31^*03 SRI ssTTO 3T3T3?33* *JC43 TO! 3F?*n 
«fTC3J 43< CTTSfFol 33T3 S3 I 

Z = 9 ( C5FT?33 ), Z = 17 ( C<FTf33 ), Z = 35 ( C3T?33 ), 
Z = 53 ( ) v£i33 Z = 85 ( $npr&Tt$3), snc*flOR 

csjt=i^3 3fs^ 2/>, 3/>, 4 p, 5 P 43“ 6/> §*ITO*1W , %1$ to 
^<33*$3 «ITC$ I *IJTF13 tc*i3^3 f33JT!R3 3^ 

$J 9 t3 s ^*f*T , 5jfaC^ ^ 3>3T3 SR] ^3 43^> ^C3 ^C®WtC33 SOW S3 I 
C3^S?iTJ 4^3 «^-3t*irW51 *{3 S3 I 3PfT3?33* ?3?5 r 3T3 333 
^fv53 33T^ C3fa CTO* 3SCS?| 43*fi> ^C*T35§3 *K$JS TO >331 p 
*$ TO CQviZv *(0 I 4Ft 3 3TO3 3T3T3?33- 34 
2333, 43< *l4F3 3T3«fe 3$3 SFC3 4W3 *5R ( A-4 *f?3?*r*S 5^31 ) I 

«n*f3 mro (Z = 18) 2331 ^ 3 p 3>2TO*f«rf$ *$ S3 i toi 
3^31 C 3 C^s niC3 C3 233^ C3k<3, ^4T3 *tfrfa3TC3 (Z = 19), 
fesfawfcresr 3d ^fr^Ns sre *fio i sip’iw 

C33i*f S3 31 I §3? »5tf*fvs S3 4 .s' &23^*tf:s[ I 

?3&TC3 0**11 3T3 C3 4CTO 3c? «JC2^1 4.s' §2TO*fCSf 
lt«I3*gfafi> C3*ft ^TC3 ^*3^ S3 I Z = 20 3Jl<nT>i3[W<3 

?3S*rf]ass3 4^ I vsT32C3 Sc (Z = 21) 

CTO Zn (Z = 30) *f4s C3to3 sffofas? §teTO$3^<3 4^ 
§*f3^*tC«I3 ®F©JTO ^3^30? *f3*(3 S3 I 

^3^33 3T31 S3 I C3ESNJ <aW3 3^S^ 

t3^T>r 3T3 ^*f?33^ «ITC3, C^Sf^J Sc (Z = 21) C3C3 Ni 
(Z = 28) *t4s C3t^t^3 C3T®?Is5[3 2Ff33 S3 31 v£13< ^R1 CTO 
CSltCTOT ^^3 3T3I3^ *n?W6 *3TC^ 31 I 4W3 3«31 S3 *vm 
^ZR«i C3£f«ihT &W (First Transition Group of Elements) i 
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*rasiT«l « *rfs5?r 

Z = 36 ns, sm ^pwfcr 5s 

fc’FWTOT ^ i Y (Z = 39) ww Pd (Z = 46) 

4d $*R«F*raft £FST>*TS S[TC<F I (TT^SfRT 

‘faster tors «Hte alter 5®n ^ i 

A g (Z = 47) CTO^ srm » = 5^0 c*(T5prfi> ^4 to ^ 55 i 
Z = 54 $r«frc c^pt (Xe) 5p ^n^nerfij *i4 ^ i 
^ orter ^fvater^ Gerais? $fi> P c^tttos 6 ^ §nw*fw j $r?*fts 
$$ i 4 <t*rt Ce (Z = 58) c«[C^ tos to 4/ §*rcrcF*raffi 

*& TO «!TC<F I cstef^ ^T?H v£l^ ^‘'“TTOn^ ^4 5$ I 

Ce (Z - 58) c^ Lu (Z = 71) ot csitc^r ar®ra?R 4/ 
$*rwf*w *j4 to snre c^to ‘te^r (Rare 

Earth) orter 5?r i 5fa$ fafjpf *r*ftercfa« sttto 

srt $$ aiter^teisr ^i^rRifsT^ siwi <tto<t ^"tt c**n m \ 

tors ca*f^?’ Hf (Z = 72) ww Pt (Z = 78) 
*r4s §c®wEfo*[tei foro<T 5d *m qm \ 

‘snrcfifa^© csMt^' Pa (Z = 91) c«iw Lw (Z = 103) 
*i4s ota ?«TO3 5/ *j4 ^ i 3r«frc teste 4^1$ 

‘te<r»r cast’ to i 

5*5: fterft fesri 

(51) sr^oro ^ faara *?n toc* i ^4* 

teres^n cste^ cto / c«tc<ra onS ctf fo* *sm 

j csli^ c^=r to *tfro srrcfas 

TO 5TCT I C5teRf CTOS WIPP j (2/ +1) TOW 

fajfaflPT TO5 TOT ?<T?S*T T*p9j?^5|lT3T5[far CSTT^ cste* 

CTORfrsj TO*m mj TO1 fafrte 55 1 rHj = j t j~l,j~2, 

- j t ^ siH^fsr sw5 i c^cer n, l « j n**m *tf^?- 

SiT^fcT (2/ + 1) <FT5T$T?^ »f^?TO TO 5T5 • 

^ te^rf^s to<t ’fT^i faf / snw5 ^^5 

I TOT C5 ^ »rf^SX?T5 TOT TO C?PR 

^4rsfh:ii^T5 55 , csteTOcs w$ S5 ^5 Uvmm ^sn^ *}%*? 
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i (5‘8) to wTtoTcsra ^ D-c<w<t era 

Q r^H ^C?!C5 1 ^Fr?f *IWJ SKffsjq Mlto $$ 

Mtct *p sroi 

iiwij = O f ±1 (5'24) 


mj 



fas 5’S 

C5nf®?rw D a ( ) « D x ( ^c5 ) cwra wcs 

arto fern fe<*ifa i w;f$ ®h to* « 

jtfcR seas cst*^ *n«faj »w«rt?r i 

(5'8) to $$ ^wsro^fai 5C?rw i fas c«rc¥ <?f^n m?r c* 
D x m graft c<?*ira ^,?ib(D 8 <ra*n saft ewra 
z$ i 
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'Q cto* vfa 


vS^TC*? CS ^T^SS* ^NlH fZFSTS 

iter «jfOT3«[f9Rr ?totos ss i *m ^ 

sispirar ^ s^ftarsT^ sirs ?^rfi> cssm fsstfsra ^car to i srmi 
CTWfe ( 5*1 g^U ) CS SOT ^ $tT3*l 

*1*3 C5^ CTOS S'sTCS CS*ftSOT ctoI ?TO?$r3 CS*ITS *KSH ftsOT 

'Bffw 5?f i sf#: w^ss* ^sih faST$ (Anomalous 

Zeeman Effect) a?^*CT wfas* i «R»n ^ &e& csfas* c^s 

( 10,000 *IT<3*T ^1 ) TOT?f TO«T S^TsffcSST^fclCSJ fosfS 

SITS CS’STS ?TO?5f£ C*T^n STS 1 3[<TC ^T«T?S^ ffaH fZF?n ^S 

*KPT ?TO®H SC$ l 45>Sf*f ?TO5ffiCf ‘*fTTO-STS* foSV 

(Paschen Back Effect) sc<n 1 ^TS wfa <3 ^<fa c&ks* 
5Tsi*TOS C5t¥^ *KCTTSR (Magnetic Coupling) 2£S W 
v£i?n cstes* ctos* cs'frr to $3*a«iw i 

CS CTO nfeTOSCE^CTO? |S«TO OTC3 (w z ^ 2 ;>0 WITfijS 

§TO fowl TO I iTOTOS 3ffo ST^faS* SrfaR fr?JTS 

1 





8 'i: x-^finr 

srT^H ?ft§ot (W. C. Rontgen) W\ 
^rfasf s *jtwt© sH to srcwn to fra siasiTto sTc<r 
X-?tf*tf snfasra ^<h i <^?rc fan ^n:a awi 
fafa^ srwrc^m to<m<r ^itcto « ^ptosi m *r© 
$irc<w f^sifa (Induction Coil) *\]%m &5 m«? (am 

40,000 C'oT^j ) ac?!T5t SBR I £t<I 3J^s $T& fafe simram 
$nffo (61) to cwt i wrara aT:s sjtwt® C w 
ait*m fac^ shtptt© A sraf^va sfr:^ i f*M 



fas 61 

*r£c*ipri *rafan i 

^TtoT& imi jpujl ^Teiif^ sra arci ss, to to<t ww 

^iwr *rto*Fft tosit* *ito aim i $$ ^nr 

^mrato sra^ra wp catm^TOT f'wft tfto to wftrarc- 
antoi *rmto© tot *rora* aft cto *tm <m 

^Ta®ffi> af'sa 5 ® (Fluorescent) sjtcsttc^ &f5Tfa§ TO to1 
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<3 C^*S<F ?&5 *f?5&5 


^T«rr^ c«n^ ^ fsiSis ^<3 1 "iftsi »a^ 

afosnsra ^aiw ^rrarara f©©5^T5 5jrc«ire c«ic^ ?5S3fs 511 x 51 © 
5?“tJ 5C© *ITC5 51 1 5T55 5JTC5T© 5H]5 5JT*JTC55 ^ 

c© 1 ? 5^5 5TsTC55 ?©©5 fra *$ fa$T?r ^5 ^5 51^51 ^§5 1 
©TW5 c^tTel (Penetrability) $rs C5“ft 51 1 5Tce?§; 55ftpT5 

MR 5t55 C5 3IWC55 ?©s5 C5W C5T5 *[©5 55C55 *[5 C5“ft 
C©*tTs 1 5 s *ffT 5?*g M's 55 I T«T=T ffT^I 5C55 C5 5JTCTX55 ^fTC5 
C55TC5 5Jr£5'T© 5?*fl?(feF SfTafs© 55, ^5 5?*ff ZiK T5sS C5§; 

5H5T C5£5§ fas^s 55 I fsT5 55 5f*tf5 5T5 <?F5 

*4^5 5H’ (X-5H ) I *f55©1 ^Pf vi)§ 5?*EC^ ‘SFjfcPR 

5H’ 5TX5 srf©?5© 5C55 I ?5^ ‘X-5?^’ 5T5?I^ C5"fl‘ arfsfls I 

55$Pf5 5TO 5C55 C5 5TX55 5f, 51 515155 51 ^?^59f5t 

5HCfflTPF ^5^ si cQ^ ^5 5H5 5TC5 1 ^ 3^sT5 ^Pl*l 
?5?©ST 5f5 CTO i5?s£T I C555 5P5$f 3T5 5^ \f% I SF$PT5 
■W 5C55 C5 X-5W 315 <55 5T®55 ^T^T5 45fi> ^S5 55X®^ Cm 
5C5 C 5 Cs aTX5 ; < 33 x 55 sra5fat5 M« 5?*ff5 sl 5 sl (Intensity) 
^5 C5“ft £PT 3T5 51 I afsrll 45fi) fi>C55 3Ts, ^ f©5 C5Hfal>T5 
*f& 5TC&5 s^l, <5^ 55 C© 5 ! 5X5 X-5W 55CS?^ M© 5X5 3JTX5 I 
ST5 15 fafclfal>T5 *nT3jW55TOT3 5T55 X-5W5 ©fasl 3JC551>1 
5faX5 fer<3 <5C5 5**$ PTPM 55E© 3TX5 51 I Sf^aX^ 5^1, 
C5T51 3^?© &5 3551^55 5<*ttl (Z) 5*3?T *mpf5 5C5J X-3f*ff 
5f5Xe?£ C^T^s 55 I 

55jc?t5 ^1 5C55 C5 X-5H 2fT5lcWC55 ^55 © 5K5 551^ C© 1 ? 
5C5 515, 5T^ ^5? Cm ^5t© 51 I *Km 5f*ff^W5 

aT5te55 C5T5 ^^*1, 5«H ^IT5Tt55 5T© 5T5C5T 5H©5 f®s55T5 

5TC^5 5T51 «f©3© ^tT5 ^5 CW51 5T5 1 X-5f*fl5 4$ C©tfl©l ^155 
SRI ^T?5'55C55 5C5^ 5TC55 5WI^ ^C5TC^5 ?5t©^ 5T5^1T©Tt51 
5T51 2f^T5 spff f5?5^5T5 C^Cff i!5 5155^5^ SHUT 5C5 5T5 » 

atft< ?5*flT5 ^t©5TC5 ^5C55 5C51 C5R «lI^«5Tt55 

»fl^5ia 5J55T?55f 315^5 *{*$ ?55^ I 
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i£i?pT-aH M?i 

6*2 : 

aTSfto TO ?F$CRR X-3?*H §*TOtR?J ©r^l <a$t$ Rj5R 

«RIOT CRTW ^ $glto TOR I #T5 ; 5lT*1T?jf$ (6*2) to 

(Tf«IR TOC£ I CRT^ 6 ! Rm<J RT*[5T*f 3TR 10“ 3 to TO^f ®re<T 



i 53 6 2 


&TC*f3 RRTR aT«ICs S[3 I 4<T C5ra RTf[5TC*f ®rto RGR 
X-af*n $*tor ^<n ^ i $65 to*r tofr a^rlO -8 to 
RT$CTC*I Rrf f^| fof ^ SJTSto TO ^TRT, TOT 

RRTW $fto^ *fT3R « §m^to?T I *TRFW 

SfTSH^ol C TORTUS $^?f TO fas^vs TO I 

to^R’jfa §65 fa«R ac®OT?l a«TW ^Tf ^ to toot A ^mc^TOI 
$*t<t fro to w ^jjtcrt® c«iw Xton fRs^s to i vmm 
C RTCRRSS srscfi (Concave) snfto SR. RTCo to?5 
^m^sfa^far snn?TTtf5 ctopt fa«?R $*tr wto to *ro i 
5pm ft T&*[ *{?<TR<T CTO X-sf“fl ?RS3fa SR I C *IIWT$ W 
A STJTCRTreR RWJ £TTR 30,000 CTO 50,000 toR TOR 
TOR *FRTR £TC?IT®?R SR I ®rto X-R?*l[ SfTRTTO ‘‘njTR-R«T’ 
(Gas Tube) r«ti SR i $1 rrcrr *>ttto smcRrcs* $*tr «mf^5 
IwfiR strts, a^y ?r^r tor w RT^sm aR^rro a^r?R^ to t 

TOtoR TO *htr-R5i$ X-rHr f^r i 

TO biabO TO ftof (Coolidge) RTRR* ^nc*lT?PPTR toflft ^TR 
rrsrr X-R?*g sttrtr tor i to R*n SR 
'fto r®p i (6*3) to $tor mm Trt4t cr*itr scrcs i ^r 
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a^ « ^ ato 

TOJ TOto F a^T&T TIT^TWI &3$ 

to ^wrafcr tos^ra to 5 ^ *?n ss i i<£ toto to 
w<i% aim sj^to sirafa^ ®ro acsm 5 $ m 1 3^<m ?tcto 
tosiTO ^&Ta aira-TO 3ita*Fi fairer sni 1 
^ *RSR =TCpT ^ITC«{T® <3 3HTGRTOT TOJ ^ ^65 StfoSf 

sraro *ai to< ( 100,000 c®i*i> a^¥) 1 F ^?& toto®* 



to? to 1 sn^ro fto tot F »a®f& sttot *n^ 
aro toj ?nai «uw, *irre ®Hter A $nrwrw>?r 

§a<r croTfe ®ai ^tt?t 1 F A 49 toi &5 fa®9 

ac®? araro to ^cwEfa^to «iT^ afa*^ ®?n «n?r 1 snato 
fester *p &53 TO mu I 0$«RJ 

> 5 ^ #rai tor &as <?th ®ttc^ 9Tre tor m to 
®5T ^1 czm a^if^ to vsc^ &t«i to to i ?rc*rems 

toc^r 5?r^hr a«RT*^ *T*as *r$ 9 rto to 53 1 

9ire <R*ft TOre $rcn?Tr©f& tot m cros arcs 1 sn^to 

XrW tos (Step up) &jT«re*iit?R totwt ^ ^5 

afa^T (A.C.) F 4w A 49 toi aiRro toi 5 s 1 <a£ 
faTO9 Ol ^tfWTOTO (Half Period) F 49 arcar*? A 
5R, c*ro ®a*r$ feawta^far sn^K to A sfrwTres §a9 snato 
$9 4 ftt XrH foasr 1 sotsr ^rol ^a^s 5 919*51 sra^ 
TO tow (Rectify) to 3 $ 49< wrc 



v9*PJ-3?*tf 43< C^TT^T ifiPT fofa 
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(Inductor) <3 3T3C33 (Capacitor) *fT5TC3j f3^5C33 3T3 8F33 
to 53 i sin?jf33H fasspft 3Pf$ (D. W. Kerst) 3^3 
?TTC*i 31 £t$ 3 (Betatron) 3T33 3C*a3 *IT5TC3J 3^sirR 

X-af*tr ^*TFr3 ^*fcr?j?ro w»r (10 p ) cot^ 

*1^*3^ 331 *153 1 v£&3i*t ^95 *fe*TT<?ft §C5W§R3 *1T5TE31 

Sw X-af*ff3 3T31 C3 5 5C33 *1^33 31313*1 *Rffal 

TO >i¥3 1 ^fr&3 3C*S3 3T% e imt (18'7) ®TOTifa5 5C3 I 

6’3 : X-aftRT fof*t&T 

33^FH ^sT3 ^T3T33 *J3 Ht 3 X-3?*t|3 TO^fsl ^3*5*[< 
srai 3 C 33 1 *fd ^Tas faasrcl 33^33 arsr to^fst^rt 
?TSpSl *13^ 5131 3C33 I X-?Ha f3$faifa$ Safa^I^ 

?3t*13 ^sTC3 §CP*1C3T5T} S 

(3) X-aW 3T3 *13«T 3fC3§; 33Co 5Rs| 53 I fafoH' 
3^3 CTO C® p fI«T3 *f?35IT«l I >TT^T3 c I^g 33^ 3**ffT 

3f3 5JC3J i3Pr3 C®^! TO 53 I 7fI3T3 c t #T5 X-a?*I[3 3TC5 
fof TfNl #T5 SJT3 51**# TO5 | X-3f*tJ3 C®3J31 3TO *£# 
f3“f*T«TC3 ^TC^ITRl 331 5C3C^ l 

(3) C3f33T3 Iftltol TUSHT^S, §kaf33T5I-#T&, *lT3®r ^13*1, 
?3?®3 3ir*lfaaT3 C3h 3f X-afa[3 3^3 3?®3® 

?3S5f3 c l 313 I 

( 3 ) X-3H C3ra>TsrT?33 C3^C3 f3T?3^ (Blacken) 3C3 I 
C30>3 ^3^3 nfasiw =5fin?^5 3^3 ^3^T3 §*13 fa®3 3C3 I 
3TC®?$ C31C^T5IT?33 *15feva X-3?*H3 \alTO *tf33r*l 331 3T3 I 

(3) X-3?*ff 3JPTC3 ^T3te 3C3 I ^1333 TO^l Strife's 
3H3 \st3$T3 §*13 ?3§3 3C3 I *FC*l X-afy[3 3ITS33 TO^l fr#3 
3C3 43 uferei *1?351T*1 331 333 l 

($) X-3H >5^CW 31 C5^3 C^3 5T31 ?3£J^ 53 31 I 43 
C3C3 SPU?*!^ 53 C3 4§ 3?*H 3ITC3T® 3?*ff 31 33T33 3?*tf3 3^ C3T3 
«nf^5 3 ? c T3T3 3H ?T3 I 



172 aaaT^ e re*g^ a&r afasa 

( 5 ) X-aH aiarea siTrerre a?*tre im?r c<rare sre 1 

( 5 ) af<re a^taa a^ fasRtai aaa ^ X-aHa akaro 
*i akaaa reare arefc, aaa^ 9 ! *p\ Ta*f aaifro srecs re X-aH 
afoatfano s^r ^a* af^^'6 sa 1 

(sf) re<?fTfcre (Crystalline) *RTtf care X*af*ua aja^>a 
(Diffraction) ^ast aai are 1 «a *rere are faaw^Tca sureT^n 
arei 5W 1 aarea aia^a arcrrej X-^f»ar?r vsaspfrt^j 

suai are 1 

&are a^ ^iTasft care a^kare sa ca aW?[fa *rr«*T?r e i 
*j*nsrr?r ^nreT^ ai 3tf£cwfl‘ ^ureirea s?iT?f <*re aTO ^f^pak 
^a* 1 *sto ^ ca X-a?*na ^as?^ ^arer*? aa*re 
^snrenrea «asMj area* *^sa sa 1 ^rcaa^afa 

tfWH S^irea ^a5?fo*J 8 £fT5T 4000 WW 8000 ; 

srkreaat aHa ^asffc^r s are 50 care 4000 srjrc'sfa ; 

X-af*na vaaspfotfj s are 10 5 care 50 anTwto i 

(6'13) sr^re X-akp akaicaa a^k ^rreifao 

sre i 

6-4 : x-*ftra ftarel 

(6‘3) real care re reTtkarkre catSa ^r^Trei ai ^as 

*nro aarc afaara are X-a?*ira 'shrsi arai are i k^k a^f^o 
^a Jfftre afaara i ca arera ar^Trei afasrca arei sa sire 
‘sttto TO’ (Ionization Chamber) a«n ^a i (6‘4) fare 
srreaa to a^ffara scare i C ^asfa fa^rea ca*RT#s (Cylindri¬ 
cal) to, are ^ arc srcrei aT*a are®n srea (W, W) arei «iTf© 
sure i W3 srriTioTt (Window) toji c'toai ^a i <area 

ca rere 4^faa aai fare X-afaii ^reaa aro area are iw faaa frs 
tori fare to care fa?fe sar i TOfa arerea^s 20 care 100 
refa a4^ *k ss i TOfa aia argwita &Tca cto to ai ar®a 
( aai are>m, kai^ careit® ) arei ^4 aic^ i 



44* CTO*T Ufa 
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X-<*N 4*^ sijtto* snrato to ; to qrow sirofap 4>u?rc <3 

W44* feswfa ^ 54 I SITSRH TO4 TOJ TO*4 *raTSTO <p^ 
qTS CTO* 44*ft 4T^4 *pe (R) 4T*11 SITW I R^C 44 TO! 

TO4* *1^ C«F$ 3$5 3RW (D. C.) ?4^4 3C«*F 3C4TC 44T4 414*51 


W 


X-Roy 


C 


L iW 



l_T 



fw 6*4 

'5fl?l*'R 4"^ 1 

sro* 1 R W'offi 44*f& tc*T4*c$rfrn>T4 (E) 41 *{4 to 34154134 * 

4C*54 4\C4 ^KfSF 4TC4*, 4T4 4T5TC4J STOR* 34T5 3f44T3 4*41 5$ • 
SfTS^R 34 T5 5JT51 3ff3to X-4fyf4 vstaOT TO* 44*4TFs 

(Linearly) 5RT^nrfo4* i 

* 

6*5 : §«,*ta X-4f%4 itia^ 

X-4W ^T4T4 CTO* fato *1*33 <jH 54 I §|r 

4| >TSJ® <j?*p 3?<RT3 4*41 54 44* vstol « ^45ffrrTfa4 

C*W?&4 ^TT4FT 54 ^TTO 54414*1^8 34*T4 CffRfea 3T<341 4T4 I 

St*:^ (Z = 74) 3ffo &5 3441^44* 4*4J1 (Atomic Number) 
*T*3ST 4r$4 fts4T4t SflTOS 41 4^ (Target) 4J45T4 4TO 

C4413 C^sff&a 3T'G41 4T4 ^T4 ?;R*fa (6 ’5) to C*fTO TOC5 I 4§ 
?54 CTO* <^41 4T4 ^TSffrrtfja TO?f ^tgTSl fa44to ®TC4 3 ? 44 ^ 
54 1 4§4i3 f?T44to 3^44^ 45JTCTO 'G S0TC4TE54 TO! 50,000 
C«T5$ 3 ^ ?4^4 SCSTO CTO'S Ot^TI 4T4 I fato> to4 StfSW 

i o45| F t f fC^I4 4^1$ str (X m ) ®ITC4*, 4T4 CTO* ^5^54 ^s4^t 5 fC^I4 

4t*If 54 ^1 I 



174 a?WT«l <3 CVH* a&T ato 

X-4H* ^3v51 2MW ^ aTS I 

^si sir ^ amra a<r 5t*M^ ®?toc3i ®k®i airarsr gw 

Cato «TTC¥ I 

(6’5) to fa®^ ac®rw *nw *rcca 

X-?rf*p ®t§®i csrafra c*rwr scscs i c«rc^ c*rai 



?5S 6*5 

f^f^sr fa«:3 Swfa f^s^rs X-?iT*si?r \S^i *ihw^sj cmfra i 

*it?i « sjjjrasi X m ^ srr*T at®* tot gra cat® 

*tK$ i sircra Wt*$ ®<T5rfo^i a*^ ?rf*p ®ter®T* *ih fa®^ at® 1 ? 
atta cars arc* i 

aft s^a^Tf® to®?r aaawto awn a*as^ sa, a<yi 
a toc®^re (Z = 42), ®tot 'sw&frti?! asca ®‘ta®i afaa^r (6‘6) 
to awto caatos a® i « ^rca^Tf ® toss fa®*r 
ac®r? (V < 20,000 c®f£ ) torfe^ afsR^sr rrai am i &s®a 
fa®a ac®rf (a«n 25,000 c®n^ ) tow fataa ®as?frttfj tortof 
caatolto §aa a^ijfa *rcfo@y (Discrete) ^ wai 

aia i fa®a a:® 1 ? ataatoa asta §®T?(to ®s*frritfra c$h 
afaa^a ai i «irare ^pst awrtto awn a'as a*Fja^ aai 
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4^-*H ^ c*m*i ^ Ufa 

vcTsrTfT CTO **R* ^1 C*“T fa$ fa<»* ( V > 8,000 

C®TC5^ ) CW5 m<3?n arrsr I ®TO* CTO £®T^fcf* ®*5Ffrnfo 
srfsraesiflM* §®r*[far* ®?wMj w to i (6*5)« (6*6) to 
a*tto sFffiFFfff tofato tora^fai **i *t* s 



fates f^SC^I *rfa*C®*R e\W-FSQ «W fawi^ X-afal* *lfaTOfa 
C*f*[f55 1 fa«C* @W«lfa I 

(*0 fa®* at®*? ^to *ra fas 3 f® X-*?*u* ®toi im m* i 

(*) 4*$: fa®* at®w sitosj* 9 f^siT c tfa^ 3ft*n (Atomic 
Number) ^rwi fas*'* *fap ^toi ^faf to i 

(*5T) fas^J® X-*f*tf* ®*5ftol* J0*®5J SIR «aw I 

\s?r^t«T^T a^g* fa®* aero* &a* fa^* to i to* zium 
*T^C®T ^SWfr't^I K m *R 1 

(*) $*?& fato SIT* 3JCW1 §E&®* fa®* affSCif ®fa®l **tfa 
(Intensity Distribution) c^to *F®**(far §\?r* $rTfa«T* 5* i 

(«) fa®* aero* c* sue* ^t* «ntor* s;* ®i 

§*f* to* TO I STTOf* a*** 6 !?*** 5f<*n ^fai* mm &G 
fa®* ac®fr *te at* i 
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*f?P J !T*l 'Q C^*5^ 


(&) c^^ito stc’sh (^^sptfr^i) frro 

U&z to, fro ac®pRr §*t?t to j?i 1 &&\a?r asrarok* 

*K*m *pm *TTOf s cto ^sT^te ^ 35 ?^ 53 1 *ys: 

srwss CTO'S k^ ottos srrir toH> &5 to 
(J r > 55,000 05]e$ ) i£$3i*t §\5T<T ank^TS ^ I 

(5) &roi ?to a:«? $% *u$ 1 

6'6 : X-*f%* S*tS«l 

®fesg?¥k ^ CTO* ®fHl m CS TO CTO ^Tf^® *fa*l ( 5W1 
) 5fwf^*fter 31 sa*i«ik! ^?®c\® 5C®r ®T3i 
?*fcs«i firsts to 1 ®to ?i?^«iter kf $k*t firsts fskscra 
"ife® 3f*fT3k® i X-<jT*tf DITTOS TOT §55 “1% $PWfo9jkT 
fffTOf <J ( STTOfTtSS ) Sas TO?®® TO ^Tt'rS *T?® 3M2TT$ ^ I 
TOT ®TTO 5i?®*T?S? TO® «TOF—^TT?r<T ?l?® SJTO*I>T I 

(TTSf'T) TO! ? 3 ?®JT ® 3 Wfrrtl ^?^gv^k Tsks«l ?^ 83 ^s to 1 

'STTST^l SrTfiT C*T faW ®<T5fMi C*FTlfcT<T *1% TO 

E v = hv = Jic/\ ■•• (61) 

ifl*(TW // TO STJK^ tR3* <3 C TO “Q5U SJIWTCTS CS*T I V 4^1 
TO *wms t^ 3 ?® <T?*II<T TOT^ W 'oiTSrt^ I ^®S X-^H 
ksTOCTO CTO C*FTfoTS ^SST *1% TO *>TTa?®® 
arc?^ *rk?^ >tto s 

E m =hy m = % c =eV (6-2) 

Am 

iflTO V to X-s?*ir sr:*n k®< z&m, sts tot 
TO«IT® Wt? fsi^fs $OT*fo9(kr <?F *rk? SJ^TC TO ®NFM^S ^as 
'5TPT?®® S[?T I ks 3 ^® X-S?*P k®S ^CS ^C«T3*Sfc*T?T *jk?S 

to src «t kfro«i Sfarek® jts ®ts §n<i i *pjks«i (6’2) cto* 
c^ran m?r c^r to ^w^tera ^sjst 2fr«rt^ »rk? <?F f^f^«i 
^awk® ^?r, fa? 3 ?® k?^Tc«T?T ^piM ih®st ^ 

(v TO ) ^5®Sf l ^ 'JI'T'^T '®^& f rC 1 ^?T 5TR TO? 

he 
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fa®* V ^fa C®TP$ *T?I, ®T^C5T \535ft<i^J 

(4‘4 ^sjfaa*! g^*l ) s 



32413 
V ( C®T»& ) 




w V — 10,000 c®T^ s[?r f WI ^ ro =l'24 snrc 
53; ^fT* TO F = 50,000 c®rf> 55, ®«FT A, m = 0248 siJTC 33 1 


?^s^ns X-afanw *sn S3 ‘casp^rf!^ 1 
(Brehmsstrahlung) 1 Srtffa'®rcra cppj (Brehms) *s*i[tf(fa 
®rf ‘spsR* <s*< %*[* (Strahlung) wfifa erf ‘faf*^ 6 !’ 1 ersft? 
‘epppifajs* C*T*TT3 r Sf«R stfiT® fafaw I fafa?^ 6 !?! 

fa**?^ (Continuous) Sff® ynsiR ^Tnl enOTTW* 
a^f®* ^’c^T ^srfhr 1 c^s?^ <s\$ fafa*«i^ tos ‘ras-faf^er 
(White Radiation) ensure c*re?n 1 

?1T*T* C T®S $ITa?®® 3T?5® ep*( 5fl5 

fafaaw ?Rais?*® 1 *fat ^\*f ®ra “rf^Fc® ^FaTsfa® ^t* 

TOT 5E3 eci I C*«ft §3$ OT <$fi> 9TC^I C*C® aTC* I 

<?$*ri »aw *ft®®r arorer atara^r sa i 

TOf C®?!®! ^Sf®l ei^arft X-af“fl3 cw ft fa®T^t ***1 531 l 

ca«ft c®wj®i ^srtsT fa?*a«rc^ <*rn ‘asffcr fafa*a«r 
(Hard Radiation), topfi?® c®*tJ®i **R ®1 fafaa«tre 
**n 53 ‘aaia fafaa*!’ (Medium Radiation), *(* c®tfl®l 
sr®»W fafwiCT **n 53 ‘aaa fa?**'!’ (Soft Radiation) 1 


6 * 7 : x-aftra srst^fira fcertffer *Ft*«t 

X-aW etf® ^5 ®aartrfj ^isjtawi i 

41^ fewfe* aaaT«[a ^ta* awi fafa® \ 

^®fa afacro c^ai care ca aaaT^a ware* fcerafcrc* 
fcrefar® sra^a &ft® aror c^ aagsrc© a*rc fal®3 af^sre 
fats eiTOT, C* fafa*«l fas^® ^ ®T* CTC^ ^“TWH *1 

erf®C*9rft 5:* I a^si ^faCB^Cff ^Tsrai c^fa 

c* ^ a*siT^ cmz ?*ffa^®TC* ^T*f «m;qs i iaws 



178 a55Rl <3 <3*55* yfa af55S 

*ifel (Binding Energy) a?55T c i *im<ms to 5* 
srro i 4§; 5^r *if*r ( to?r *i?sf) ?5f5S5C«T5 afer 

>R5T?5^ 55 ; 5®^S 4§ *1% CTORF *lfc? S^a^l *&9[ C5*ft 55 • 
^55*^5^ CTTfe^TSl D 5 < frfffk5aT*jfal5 ^ ^55Ffrt3j 5893 sqiTt 1 
W545 4$ f5?^5C e f5 55 

£ ' = f = 589 1 3( ,1 4) = 2 ’ 1 *"*«* 

OTlfWTPRI 5^5*$ Ss §C^&#5 (5*4 S*fcj ) 5^ *1% 
§ac5R? *i% «rcwi C5*ft, ara 51 ^c^fo-c^ i fate* 
a55T«55 CTO ^ 53R *lf*F5 af55T e 1 ^5*TT f5?«S* l ^$5 53i?T «tf*F 
aT<351 5T5 ?5fa5R a55I®(5 CTO, 24'54 £-C®1 I 3*a5 aC*F 
X-<lH C55T?[fa5 SITS TO*F siJR'fo 55 ; 4«R ^ TO5* 

CTO 4¥ SJJR'Sfa SJta^l 5R>G 55 I X-5?*tr 

*t?3F5 5151 10* ^-C®1 51 ^C^T?5^ 55 I *(o5R C5 >15 a55T c tf5 i F 
X-5?*ir 5<T«lk55T^fcl ^a?T TO C5^fa5 53R “1^ sr5*l£ 
C5*f TO5^ " >i5£ $PW$R C»Rj 51 '5|T5'Q C5*ft 55 I 4*{fa 

5?5 5 3 WaW ^T5t^»fk &SW&5? SlCa^l TO*£ C5*ft ^ ^TC5 a55R(5 
TO! RT5 l 3h I 45 CTO* C5T5H 5T5 C5 4§ ^5*0^ 

n55T<5 &* 5C5-5 *{5 TOT5T?5 3[5f*$o qiC*, 3f«fa 4*jfef 5C5f ^551^(5 
«T«I55 5 5 TOaW ^T5oJT*1>I I 

S?R51 aW af5CB^Cf C^Caf^ a55T«(5 TOJ K,L,M 

3^?<3 ?5?^ Wata fofflS SITC5* I ?^TO5 K 5^aw 

&*f5Sfa sirre I 4^^[?ffT >tfTta^l C5*lt $> W* 55 I TO«I 
4^?9T a55T^ C5*5C^5 >T5C&C5 ?^5tS «*TCT I 45 51$C5 L 5 5> 5>aC*( 

^5^ 9ITC5J I 4*(far K ^5155^ ^ TO^Fl f*lfa5T^5«TC5 

>R53f «fTtfF I 45aC5 M WC«I $IT&T5ft §C?l5Sl5 TOO fafaffF5TC5 
«TT5^ 5TW I 4^ 5?ff X-5W ^T5TC55 5WI 45^ “tf^FTOt 
«ITOf5 ^a5 TOCa 5TT*fes 55, ^5^5 C5R 

a55T«(5 «f«I55 «TC9f5 5^aC«f5 ( 5^ K 5^aW r 5 ) 45^ ^5^15 

s?iT« 2P5C^ aiC5 I 5T5 ^^1 ^ a55T<^ 

c«fC5? 5C^5 aiC5 i arf*r ic»wM5 fifcafe 55 eV 



4^-sfai 4S< C^*IPT afo Ms 
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*ass K sa^acs «im ^wstcss ssh aft? ss E K , fas^ 
K ^resfsiSs afoaf*? sts 

\mv* = eJ /T - li K (6*4) 

*^|^vsS tC ^C<SSlts f«TS^s SSC'S ^Coi 'SITat^s ^CasiRS 

afoaM SR (<?//) 3TSa£ E k 5(tW CSat %Z* SCS I 

«S$®TW ^TSts tostSS SfCa K <F*¥aCS CS "JjtfgTS ss 

*j4 srtsts ®ri L,M,N sto cs csr s^aa caw 4st£ 
zfz^if 3 ^s f? sot §cassfa tocss K sa^acs wss scs i 
wt c*& ^tsrs&tffcs ^fo aw tstssq flares ^rs^r® 

5S i afa <s& sot*i L was cacs* scS &sf waca 
^sastcss ssr *fc? E l %$, X-shf css&rs afe 

** 

/tv M = E* - E £ (6-5) 

i 

fss^c cstos afs? /iv XL Ms scs wisss K 4 S* L 
waca sns^ot &swfoss ssr ato §as i i£$ss ssr afe 
sfss* iss* wjsss affos §as Ms s*cs i csbrj X-sfais 

SSMtcSST^fel faM S*aT^ SI ^5S9 fMi S*aJS SS 4S? ^SSffrr^I 

wisf s af 1 f$s §as Ms s^cs i 

ststss^s fscas <ss4$ ^ass^ c$z& ^stM X-sfar s^raksai 
c?ai sr?r i ots \sS5?frf4r Tsto ss i L, M, N a^fe fsto 
was cscs* K ww sotcts sw cs s^TcflcssT^fa ss 
vsrers ssi ss *K casts cssi’ si ‘K cssr i s^a^ics M, N 
a^fe was csc*f L wacs assess s*c*j ^ cssT?(facs ssi ss 
L cssi; ^irt? i *<fe&a fsto casts cssT^fss Sssfe (6 ’7) to 
CSSH 5CSC5 i <n|; 5fT'®ts ‘c^TCS5T to (Kossel Diagram) 
s*n ss i (6'8) ?5cs fsM X-sfar cssts ^afss afoss fra 
(Energy Level Diagram) c^SH 5CSC5 I SSS asST^S SCSI 
ss feffissdsi s^sR aics ^as st^ ass^s atos »isi ssi ^s, 
^5T5W ^sfij K ^c^ssis tsssscas as ass^s af^? ( ^Tsfs^ 
assT^ fas^fva asi afeaf^? s^a^ |c«istcss cstij aM ) csci? 



180 


« ora* 

Eg 3T5 I ? FT5*I Wtfcfcl ^tvs E K *lf3WR *tT'tf 

n?fsn^ w? ^?rc^ ss i sj5j?R*f«Tw L ^rcsiMfa 
^rasirp *ifa? <m ; ®rrf i f *fcp wro E L ^ifasiTw ml s* i (6*8) 



fra 67 

X-sfa 3<T5i1cg*ira &*ffs ‘wk^pt fra’ i 
fgRT 4 $ «ffOT3^f«T vSj^fsi^ C3*fl 5T31 

Lfacfa ^n szm i ctos E k > E l > E M --, Tror Ks^ 


El 

Em 

En 
0 

fra 6*8 

X-sf'si vfrftcwra &*tfs faafr* *rfror fra i 
^tcw ^rca, L ®a «T?r to, M sa vtm to sraf^s 
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I ^*f£55 '5?k.«1lb r il C5E 5 ? Wi^H 5T5 C5 K. 

*f5srr*[5 to ^t^ft L 5^*15 cto K ’i<B r si«i 

5*t5, wr K *r?*?®5 ctpp L jrarfro 55 i ?pc?f 

fasjjss X 5H OTfora *t^? §*K3T*y ®5 ^5 *fc? *fT<#j 
( E k -E l ) 45 wr 55 i 

fafe?* 5?5 5 5 W55 ccic^ ^zftoi 5Rqi a, ft, 

Y, • • • $®nfif fe *cr?n faffff-re 5*51 55 i §;tT 5 <m<^ 

K -* L ^^5*1 5T51 ^ C5'5TC^ 5*T1 55 K a C551 
K —* M ” v ” ” ” ■» »» 

L -*■ M »» ” »» » ” »» L a » 

L —*> N ” ’• »» ” ” ” Lp ” ^vsnfw i 


C55T*(fa5 5**fK5 55 

V (K„) = fi -^ 

v (K^) = — 

v(L„)=^ 

v(L s )=®5 


P'K E L 



h 


Ek 

— 

E M 


h 


El 

— 

Em 


h 


El 

— 

E s 


C5t5$ X-5?*P 5<ft*fa:55T9(frl ^*fST 55 TOJ5^3 f5f$Sr 
W5W5 TO ^KffSICTO Wffi, 3rs45 C5^tffl5 5^T^ 51 

^5Sfrpfa 2f^fo5 ^^5 fa<®5 5C5 I pfteffi 4§! ^s'l? 

?5fa*5TO 5511 55 ‘tafa'frTjl f5hP5«r (Characteristic Radia¬ 
tion) i X-5f*fl[ c$rre ?555?e^ (Continuous) fafo5TO 

?5feS (flfa C5C5 ?5?*P$ (Scatter) 5E5*3 4§;5i*f foWlTff ?5fo5*f 
5*51 5T5 i faW t5CTf*lPRf (Scatterer) -5551*55 &55 
X-5t*ff C55$5 ^ WI*(?I K, L 
5Wp*W CTO fefe^sr 55Ss *1TC5 I 4^5i*t 5#1 3f5*n TO5 55 



-TOR) $ m Uh 

C¥T$W<I “fa? (hv) ^ICTO TO*W*jf»IC® SfTC&TWfa 

fespptera <tcr *i?*f ^cn^Fi wit 5?r i to src$, 
3rT«js#i w*iw fester* *5 h *£n s?r i c^h ^*r«f 
C«TC^ tPWSfa WT ^“O’SFI <£E3 5 *XfTJ *5H *i4 ^c<t I 
te l&swtera “rf^p fafo<T*t f^yjiW f?TS^ss ^ I 

faWptfi X-fafosrcw to *afoa» fafarcr«r (Fluores¬ 
cent Radiation) ^1 ^ (3*16 ) i 

**Q&i *fasiTc*Rr ^itstwi cg^i mi ct ^ibii^ X-?rf*g ^T*ft- 
<S*fT?(feT ^asciis *pg $t&T (Fine Structure) 


6‘1 


C^fT^ 

n 

l 

/ 

*r?3F®c<ra fe 

*rf*?®t<T<T ^eTol 

K 

1 

0 


K 

1 

L 

2 

0 

4 

Li 




1 

4 

Lji 

3 



1 

3 

2 

Lin 


M 

3 

0 

4 

Mj 




1 

* 

M„ 




1 

3 

2 

Mm 

5 



2 

3 

2 

Miv 




2 

fi 

2 

M v 


N 

4 

0 

4 

n t 




1 

4 

N n 




1 

3 

2 

Nm 

7 



2 

3 

2 

N IV 




2 

5 

2 

N v 




3 

6 

2 

Nyi 




3 

7 

2 

Nyir 




1B3 


W C^eTR *M?[ 

X-aW c?w ^T<n i snwi ct *rasiT*[* 

<p^^a[ i£j<K «J?3?®?f f\s^ W1 JURIST 5 T\*(J1 ^RTl Mlfos S3 ; 
5X^5 n ^1 2J*fT^T C^RR^R 7\W\], l 31 <P^t?T C^PTSTRIjR *K*ni 

<£H\ j <n wtcj ctorStsi wn \ iapr siwr swh c^tr^r ^“^ni m 
CTT&tf&sTW K(/* = l), L (u — 2) w*r 31 c«jt*tcto 
(S hell) 3JR fatfifavo *re?f i n 4RFSX33 ©RJ <P^A?l 

C3>T5[R$R Rt*ni / — 0, 1,2.(n —1) TOi 

7i sin i wr faW /-43 ^ ctS c^rr$r 

j = l-\-\ i£i^\ j — l ^G?n ^3 i 3 *h 1=0 js^t, ^*R 
j = +| ? ($!; sns SIR *1§3 ; ^FR*l j ^ITOT ^1 I 

^st^i X-<tf*n mtfviiQ (6 1) ^R'lte a^45 
?^C«tf^vo 3R1 3J?f I 

"ffesER src*tt ^"QR 6 ! fa?fWN$ Wtm (Selection 
Rule) 51$ ^Rl Mifos s 

Al= ± 1 43t 4; = 0, ± 1 (6'6) 

^ ^ fjfft RTC«TrlW ^C5f^^»T ’KffSIFRI C^C5 SfC^TTSfl 

5j!WC?Rr fasjfas'l 5*21 43t 5*22) 1 

n l j 


Kj 

rt 

-tf 

3 





L > 

1 0 ’A 

9 0 ’A 

2 1 ’/2 

1 S A 

0 >A 

, t Vi 

,3 t 3/! 

2 3/1 

2 5/2 

O 1/1 

1 1/2 

1 3/2 

►4 2 3/2 

2 5/2 

3 -72 

3 7 /E 

hi 










1 





r 


m 

■ 







u m 

N 

*L 

iC 

Hi 




■ 

l 

l 




1 





1 




mi 

L 

■ 

■ 

~j 

■ 

■ 












■ 



■ 

■ 


_ 








"'lli 







_ 






> 








■ 

■ 


rvi y 

Mt 


BHK 

■ 


■ 



1 

1 


11 1 

M 


1 

r 


_ 



”u 

Mm 

mmmm 


§■ ■ 



■’ll! 

Kl >. _ 




■'IV 



'’•VI 

Nub—-. 


fra 6 9 

X-*N *<T®ifawpra75* ^ *rirc 1 
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*rasiT«i 'Q c**s* *ifs5?r 

3ITt®!T?5^ i£)^ X-3?*ff §W«F* *RffS|*l*[f®r 

(6'9) to wto i tw a k$ c*rqi m ct af$ft K ca*n ^ 
aim stsi ^tto i w] K a cswififti *m K ai w K ass $f& a«n 
«nw i ^ac*f K0 cs^rrffo sn»i K* t w K* g gft c?wi «ttc^ i 
K a2 csto K m (» = 1, / = 0, / = £) «w L n 

“ftoEI (w=2, / = l p y=i) -TOTO* TOM K ai CSTO 
^ K®5 (Tit* Lm TO (« = 2, / = 1, j = f) TOTOiT 
*C®T ; ^vsITttf I L, M (SW^fTO fa«TSr^ ^N'Q Srto I 
(6'9) to istem csto toTO<r tofae c^;? scsts i 

TORTO K CTOIOT TO ^ L, M 3^o CTOR7RT 

'SpRBl TO* C**ft ; TOI K C?WI^to *T^ W TOIR* TO 
owi^to ^ht?i to* &*ft i 5r<*frc K c3*n^to ^srto 
L, M ^vollftf C?TTO TOW1 TO* **I ^ l TORT L 

C3*[T^to M C3W9jt»I?T $TO?T *51, M 

N c?raT?fto ^strt?t **r, i 

y*K ^ A.£ ^ A,if ^ A.N ^ ’** 

m*n v K > v L > \ M > v N > ■ * ■ 

6*8 : CtfVfjm ^35 S 

*;&*© TOI #*T fawpft CSPBr^OT (H.G.J. Moseley) X-3% 
ow^jto tojr* (v) w to^i ’Rrsrcto Tf^n z 4?r toi 

4*ft ^15 fpFPJ* *ETC I >5^ Sf^C* 3®n 33 

*CTT9 k TO *JB* (Moseley’s Law) I t^sT^T OTTO (71 

K a C^fRjto ***ITtt*<T ^5^ Vv^W BITO^T *RraT*fo* 

stwji Z c*rcfoc <s*fi> ?r<TTO*n 5$ i K^ cwi^jto 

TOira** ^fsp Vv^s Z vQ?r ^wtoe ia*1& TOnsr^n 
to srf® (Slope) stor? tototo stfs c«rc* i to?h 

^5^ CTO?5 C* K a , K^ Byte CMT^TO ^5 

(Doublet) , JT$R ; 5TO i t*^ (Tlpff^ ^«fC5 ^ te* *«n 

*T?n to ?n i *Tt5& tssf^r ^ **»fTt* 
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w ctopt W*r 

ra ra*r i ( 610 ) te va^t 

csn®r v c« f l f5C (Moseley Diagrams) c?*(R i 4FRT sealift 
farafafcra *fsfNa«i *rai srem ^<n utr s 


K lines 



Atomic number 
far 6* 10 

c.5nsr s C5T far i fe WT?$ (Ordinate) V&* 

K srrai sracs i 

V\ — C X (Z — a) (6‘7) 

*nm v = C(Z - o) a (6‘8) 

vfl^fTR C lf C w a TO IR* i 

K a c*tft?r era *fl<3?n sits C=fi?c ; 7? to 

tstff ^ I Cct l fas testf !FS<P (Rydberg Constant) w c to* 
*JFTC ^ITOTICW CW 1 a 5S5 1 ^fT'GSl STS I ^\sSTn (6'8) SsftaSSFF 
(OTi m % 

v Ka =fftr(Z-l) 2 

= Rc(Z- D’(|=—|i) 


(6’9) 
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aa^ 'Q afa55 


asfNa«l (6 9) CaTa NS^ ro 2fT$f *H^ajR CSHla SfCfST 
a4T«fiCaaTfi£a a^TW fa*fraas aat$ac«fa sy«jaia (3'6 g«$aj) | 

7f5ft^^«i (6"9) asftaazaa acw »p[ vfl^ ca cacara? cro 

W*B*ta SfRH Z ^a a?aac6 (Z -1) tRl 5ETC5 i 

cawsitel® (D. Mendeleev) 4>w a*fTa ^Ta^te 
(Periodic Table) fafosr cato^faw aaarofa* ^STa 

^T?ft \5lfsWTaai 5fC?R ( aw a??TO5«T 5*^1 ) I fof i£|^ ^T?fftaaa 
acai <fcaa>n; ct^j a>ai sir i ^rsaagaia 

aaa awa*! ca% (Transition Group) cafa 

™n, toa W WTarosW aTtaferR Fe, Ni «aa* Co, ^ 
^srca i fo| ^pr aiaTafaa* sjaraeit ^aiat amR Fe, Co 
Ni, i£)§ I 3f*fra WTaTFfca faWWa «npt 5*31 

^5vo, *tCa ^ 1 CTTfja for caca* wai ^TRT C3 caaaTC^a K a ca^R 
^*aTW fawraa 'jpRR a>a i asfhRa (6'9) ^aiat 

C¥RTW>a Z faWCeR ^j«RR W 53 ; C3T®? S W fo Sf^aTCa'Q 
WRTC^a ^R faWCcR $rrc?f 5<331 Sjf&'S I CTTf^CcR aasiTafaa* 
asana a^a ^rca4 ^actfai aRi 5afa i aaa caaR ca 

a^R aR®te aaarafw «r sigaTat ai aif$fca catenjfaw 

fo 5W 3Ta fffsja* *KaJl ^*[3131 aTSfR i i£i§; gpfsi^s 
OT ‘aasnafaa* aw (Z) i 


c*nf J9i ^R'S caaR ca $r foa cafoa (aai Z = 43 ) 
’SJH *jaj I aaa^l s^CTf 5C5C5 I 

X-5t"ff a^frakaaR ^afo aro (67) aro siTWTsai 

caw caif^ asfaaa (G’9) anan a*ai am i snaai §?vs*jz3 
cacaT^ ca K fl caaR &ga 5a n — 2 caw « = 1 a^aca awacaa 
1 cara ^ caw ^T^Tc^a afa a<taT^a c^kt awacw 


5Ka ^gvs a^akaara ^*ai^wa aia y~RZ 2 |p 


11 

2 2 i 


^a 1 


^a aaai^a c^w ^^arff wTa arw, aia ^aa c^sc^a 
?as ^uaTa + Ze ftsan ^ca; ca^ai feacaT^ aat^aca Z a 
^aT?^a ^Tfa^Ta 5 a 1 a^oata ca>w K caT^tca ^rataw ^&a acai 
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*RWT«l C*10 faf^S - S/G3T3 && CW ^ 
tswffi sue sref*^ ^\0 i tot faforo faswwRit L 
hereto §*n:?r c**srar ^a *rcro? *iwh +Ze tai 
*ra i K «tto f sjt^rsi® sue «rcf»rd c’fhot 
S fTsyffl;^ fsjC3 srrre 3C*T, *f^ L feBWtoTO $<ra f2RtT*?fa 

' P i?<xsn c i fare (Z- IV ^ ; ^Niw(6*9) *flfaRiw 
(Z - l) a ^ 9 nwft>3 §#?[ TOW «T^1 TOT 1 

6*9: X-*farcr 6*tW 

asrfif ifl*f& Tfsns^I^l X-sH^ C^TR *FrTC«fa f^<T fra TOT TOT, 
s5Tst<?T && fra aHs ^terei tot *jt?t i to ^<n 

?IT^ CT / >^331 5f»=^ X-<jf*if ^ ^{ C^ Tpwjff 

*1^3 sn*lfs« ra ( 611 f&5 S^I ) I ^t 

dx 


: z-M 


fw 611 

X-lf 1 ^ C*IT?«! I 

*ffrTsfffo 0*1 dx fa*T3 <jf*ff<T ^51 £TC*T<T ^SfT 6 ! dl 
^ra snr*tfo\5 \otg\5i I ‘‘i^ffo 0*1 dx-m §+& i 
^m\ fewre ^ 

dl « A/.r 

dl = — (i/cLr (610) 

ifl’TO (x i£}^$ $ra ; v£j| ‘cwi sprw (Absorption 

Coefficient) 3?n S3 I (610) TOfoTOS vSRfra WW fes 

TO«I SE^ 0 0*1 X W5 3TCv£ ^331 / TO I JpfaTOST 

>i>ii<po!?T nresi *n?r 



I =I 0 e~ fm 


(611) 
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gf *T<R 


I 0 X-3H*(i^ awfs^ ^51 i£Rt / X-C3K 5T*a*T 

*WTtf fa*fo 3?*P ! *l?*F C*W X siTai ^ £^3 v£l^C^ 

(*roi c^rf^to *n ?pc& ) p iwtf&c* &n ??r 'fafw c*ire«i 
^IT*^’ (Linear Absorption Coefficient) i *r£\ss ^r-c9?r 
sfH x i i£)sr c*I 3?*P ^atevSl arcfaras ?[cb 

*m, *rm\ ait 




|l = 


(612) 


/// 0 =exp(-ti.r 4 ) = i 

ln_2_ 0*693 
** x k " 

*i af^sua to §ara<r ^rsfaara ^^ipn ^«i «[«rR* 

fofer TO1 I fa?5JT SRI .fj W«RT ^ I 5pft^?R (611) 

cro aT<3?n m 


In / = In I 0 — p.r 

^^IT* ^alsFsl at^siTa TO In / i£|^\ X-£& ?rftf 

%*fi *rra, *raTO*n nr<3?n i $$ *T3TO*iTiT ^ 

(Slope) to p U<fa ^<n m (612 foa g^i) i jpftara 



In I ^ x-<$$ csrofra i 


(612) CTO* cw m c*r p totfis faa<ft® snzn (Dimension) 

*p*fs <rrf*r i (610) jpfNssrcw c®r*n *rr?r 


d/ 


I* 


n/J V : 




dm 
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p C“rT5? aWTC^fa *TC5 i£R\ dm = pdx 5W5 dx C5*f 
7^m w aro? ffi«pd cw a*?TC«fa <7T5iCT5 

{Cylinder) ^ i snfa caraw* «*f t«frtnr 4TO5 topi 
TO3 4TO a^T“T *31 531 dm = 1 55 , ^T5W d/// 

— — pip 531 sptfrc afo 4** c^m®! <4** care* 

a*rTc«fa 3«n to tot* *m X-uto tffam p/p ^\*t gm are i 
{(-'//>) *Kanftc* 3*n 55 to-carcs 9j*irc*’ (Mass Absorption 
Coefficient) i 

(6'11) $*& c^r^n m 

/ = / n r-f'» = / o ^-;« 

fato OTF&fft a* 3 *!?* X-5f*P CTO p/p TO Z, 

CaT3* atrTtffa aSSJT'fa* HK*m §a3 I CTO 3TS p/p ~ Z 4 5?M 



fra 613 

X-sifar sswtmfa arca pip aftratf™ ca^fra i 

Z 5T9OT pt//j ^ Fa ars i ca§®Ri sfan (Z = 82) a^fo 
^ Z a*a?J a^ X-<jH ^ C3*ft carfax 55 I ^a<JaF* 
smqflsfasR (Z = 13) a^fs Z a s aFT a'rTC’fo toj X-afai ^ 
carf^a 55 I 

fx/p ^Tafo^a X-5to *35f&ltfj3 ft) §aCS<3 TO I CTO 




190 


*RT*n«i « 


to ot [i//) « A, 3 ; srsfa A, *t\poti j///j to i wM^r 

X-aH **ot& c*rrfro' ^ i (613) to ^sr^kt 
»RPI fx/p OTWfoff Q FTO I X fto 5ftOT p/p SWOT 

fop?I *T$5 *5TOT TO I ^WWfcTCfal i£l^ 

falTO STTC^T (A, = X K ), P/p **CT ^ ^OT TO I $i*te fx/p <£13 5JTW 
4*f& TOfs^vsi (Discontinuity) oti TO i <53^frrE<J3 TO TO« 
^ p/p tots srs c*tre «itw i tocto ^5?wfrfrti?r 
«IW tore stTUR (7, = Xij), fx/p «TT<Rr S&TC ^3 STa ^OT TO I 
isrcra ^ to<itot p/p 43 shot *re*re too $£to 

sispm sretorei <?r*n to i 

sw*r c^r ^?w&frti (A,*) to-cto*i ^itcpri 3*tor? 

OT^n TO ^TOT* 3®n S3 K ‘c’Wi-jftsnr (K Absorption Edge) 
^53^^ i ^s&totot TO3 toft ot TOsrfatfj cw^n ^t?t 

<7f*[to^ <r®H 53 Li, Lit 43* L ui CTO'l-^fto (X Aj , 

X Lu , X LU1 ) i 4$ croq-sfon^fTO sir crow* stfto §*ra 
fato 3*OT I K CTOq-sftTO TOS&r^J CTO3* TO< X-3?*ff 

OT^to ^I^T^SI <©3*frpft W1 SR ^3 | &il53*W3t*r ^TSfT3 

cro (Z = 29) K a GWTgfoT TOsfrr^i X(K aa )= 1*5443 to 43* 
UK a ) = 1*5405 TO S3 ; K* C3TO CTO l(K^) = 1*3922 
®0T* ; K y OTTO CTO A,(K y ) = 1*3810 TO ; ^Sirftf TO31 TO I 
«rwiC3p voTsrr^ cw K cro«i-*itro «3*frrfc A,* = 1*3802 to 

S3 i 

fsrsrfsd^TS ft*fTOT 3JT3J1 TO1 TO I 3?ff TOto 
X-<lf*B C^ftOTS *T?*F E, CTO3* TOsn»pr K C3T5TOT 
^®T3^OT3 33R *r% E a - TOTO C3*il S3, 'STSM 4^ 

«IT*[to CTTfa CTO3 TO ^^su^ C«fC^ f^W*T ^^5 ^TOT I i£l$5TOT 
fiTSSJ^ 9|?®«lfe Jwt; 2 =Ev-E k SOT I ^ <OTPOT 

fiTs^ei X-^T*iitoi «nOTrr^-\5Tto (Photo Electric) 
i «aTOff TO“fl ^OTTSm (Valence) Ic^Sots 
» if?r^cso ^i?rt^ «n®iw>i f^s^® 
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^ ( 4 6 X-?rf*iR »itff (E„) toc®t, 

vsaarMi c*nm ipw *nv§ i src^ir to ^ *rfo 
K CTTfflOT feswdsiCT fafoss *RR ®RT 3RT5Rk *tfeR 
tor S3 ( ^<rc E„ = E e $$ ) to c*rra*i «piw 1 

E v to E x WFi ^ 5 i $jr K c*irr c^ §c®rasfo 

^r*tr srj rora> *ft? X-<rf*p «nw an 1 *tcs& 

XrH c*fT^^ ^R rsrjsi ft m \ stfrc to X = Ik 
53, wr (a/p 43 to srafossvsi cwi *ir 1 3R*n sinfoxs 
XrW L c^imr «w Presto toes *nR, to«i L c*ctto 
^praderc to *rfe E L sir E k to sr ( 6*7 

siapepr 5 ^ 1 ) 1 E v tow E l sfewi R*it «nw f tow E v 
gT3=r TOR 3RPT ( A, 3T\£R<T ) PTO ^«ITW (J/P 

to* ; topict to E„ = Ei 5s s*r h/p ^ \ E v to 
jE £ ^cto to to, ^rc ^n^rfvsvs Xr?*it ^R L ^cwSfr^faw 

*RRT^ TO* TOT STl I Wfi T X-^H C*ITfa^ ^R 

TORI'®! TOR ^ TO 3R ; \Ljp 43 C*!*ta STRR 43fi> 

«rTb$^5i m m 1 ctos? L crt^er f^d& ^ TOrofie 

»rfOT3TO*(Li, L n 43* Lm), CR^SRj u/ y > 43 PPta® 
*R*R to?g§j^®i c*f^n 3R 1 

4TO kPTOT'm C3 X-3f*tR c*nw ^Rltas (Absorption 
Spectrum) ^*n^R toitwr c*ir*i 3^3 sns m'fcgs (Dis¬ 
crete) C3RPfS[£ PR1 3R =T1 I *13^3 «U®I®gVl fe9R*$T SJTRfex® 
XrH c*rR*i TO3 ^rsit^ to* sc® m3, 43* to*w otpf 

>5R1 ?p^:ef 5Ke?si«i ^s^Css ^tr ri i ^rcj 3 ?^ 

m\ nfi 1 c*rr?^xs ?rf«p *rsit^ sr:^i ^Rter 
“tfer 5RR ^1 ^f*f¥ ^ I C^TR*! ^fT»it Sffe 

^?r x£)^® Ns^sptfi^ faw ^ #n (c»fRei-7ftsn) 

<ilTW 1 CTR«l-»ftsn (Absorption Edge) ^sf xs^fj^r 

5T«^ g?»u^ c“n^5 ^ 1 

(R^ K. L, M C*IR c !-?fblR *lf^ 

CW»!^8U?5 ^ *lt^R 5WH 4$ C^R'i- 
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« cw *r?5&5 


5tsiT*[fa5 *r?*y5 anfaj w fater X-5?*ir *rfaTO5 anfoj 
aTCRl 5S5 I 5Sp8 3§ *RifTO§ ?5fo35 C5fo?l5 X-5f*ff “ffa*- 
®5*[fa 5Ri 55 i 

6*10 : X-5f%5 i fclTOff ** 

W 35^ X-?rf*ff CTO 5^5 fa5 5?555«i TO, W* 
5WT$5 5551^55 §55 3^ 5?*fl 515155^2 ^ v»TC5 ?SR1 TO \ 
sm^s X-g?*p »i^y 555 T 35 5^* c*nfa^ 5tfa w, 

5T5 TO STOTfos fafoST C*fT5«l >fNm §**(fa 55 I fa^5\©8 

^rmt^so X-<tH *i55T*p |pw2fai(fa TOi (Scattered) 

5C® 5TC5 I f5CTO5 TO «JT*lf'5^ 55T35M 5^^ f5C^5 CTO 
(Scattering Centre) C5C5* W«!T T*fW sfi?C5 *f&? I CTO 
t®^5 faff afaOTTO 555 55T55T5 X-5Wtp§5 C5 ^tSTsl 
£T5 C«r51 m ( ^ spjpSj? 5^51 ), ^1 §TORP ^ 3TO sfera 
TO 5t$ I 3§ 5T5 =551 55 ‘fa^R-spIT*^’ (Extinction 

Coefficient) 5*5JT5 5T5TC5J I 5?<t x 55 ^T5C5 

C551 5T5 


x = r] + a 

35TC5 a 5 t^ f5C5 ; 5 ^*5*5? (Scattering Coefficient) 35* ji 
5C6§ C^TR^ I 55TC®£ ^5-Mt«I SflT*^ x/p 5 ^ ®5*?5C^a 

*{ 5 Tt^ cr/p 35* ^5-C*lT5 c l sj5Tt^ |x/p 5*511 ^5 C5T5TO5 55H S 

1 = ° + V 
9 9 9 

2 S$ \55C*5F X-5?*tr fa?=®?T 555T^ CW fafog 55 I 

5?? t5W5C55 (Scatterer) 555T®tf5^ TO M 35* ^HTCTOTOl 
5*511 X" 55 TOC5 a?o 35*5 TO 5^5R 5551^5 5*511 iV/M 
55 l 5^535 3TO ^T5TO, SftfT* p TO 5§TO 555T^5 5*511 
fl a — pN/M 55 I 5TCSft dx C55 5*5ST 35* 3^<P aTO*f 
f5t‘¥5W5 5C5J 555T<55 5*511 Npdx/M 55 1 C5C5* ?5t^5 53$ 

3<tf$ 555F5?5^ a?2F51 ^551* djr C55 5 S 53‘ ?5C^5C^5 551 faff 
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*rn X-3f*uym% fam+ft vmjvl (Probability of 
Scattering) W?r ^£3 ia<F^ fa?*ra> dx c^*f 

src«ti 1 


dl 




<mm?T 1 3.0%. 5?*IT?I istSFsl dl 9.0% fawt 9 !?! *K®1 

vfes 5H gT*f I W&Sft 


dl _ 
I~~ 



(613) 


4*in?r cs a iot 1 (610) srcfasFra s^t*[ snrasi 

t9WD5 *ntsi 

il=-a dx (614) 


a ^ *l|tf ^T£*!Tfos f^W 9 ! *[®IR* I 
(614) *rr«?n *mr 



AV 

M 


*rsffo?re (613) 


«I«R1 


_oM_ £ 

a ~~Np~n a 


(615) 


cr a *K*nrfe m\ *nr?i ‘*rwwT?w ^tt^’ (Atomic 

Scattering Coefficient) 1 0 ?$% &frtnr fa*Rfhs 

'sjtsi <rrt*r w n a zm m\ 

?fT?*r, toot cr 0 TK^nrfij %cs% siren (Dimension) 

OT$> 3T?*f I 3=t=TT^T S5f^5^t?r ^^T£?T 

X-uH v5?TC*3 'oT^CVff E-OT fZRIR SRI Vfijsn^ 5j*fp$ 

§*rer eE to a^y ssr 1 ^£©f^#<T t?!*! ^ 


1—13 
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'Q M 5&T 

^*n?r ^ b9 ik?f ^pkt TOkk ^ s * 9 r *fk> 
(Forced Vibration) ST$ to 1 *rt^ ^ si^g^ro 

vatosr TO^pikf ssfos^'k kkR«i ks^ to 1 

kk?re| 5^5 ‘kkpg Wwi’ (Scattered Radiation) 1 aft 
kto kfroq kw*t <?f*s wot k?«s to ks^s to ^ 
totot ?n TOsrfri^j simto ato to 4i ^rap&fcfer tor to i 
^k ^inks kfrowa s^tot TO^*ikf $ot#gto sh^tots 

OT^T C i£R ^ TO TO, ^T^C®1 ^$vj WOT W^IR *fT?T 

OT kOT*PF WOT Y 'TOk^s OTR k^Co kOT»*fOT?T ^4*? ^51R^*T 
WOT kkp^ X-*kp ^UfSI TO 

7 , = / ^-“-V i (1 + cos” 6 ) ( 6 ' 16 > 

* 2 r m c 

wkx 0 5155 akg <3 kfo# af*p sissfo w sr ; n 505 

kOT*TCTO *n?F 5 PT ^^SIR ^OT^Gfa JfWll I / 50 $ ^mf^a 

sto ^k«i 1 to1to«i (616) atos toos s^str toi to ot 
kto w kkro wot *h$ i 

^PTCSf^ >5TPrar *rwj cro?fi*f (Interference) to *n \ 

^crt^i qke §ot¥sR?[?st af^aw 5 a<M<3<r toi ^ttto «ttot, vat 
^ totoi *p<n 53 w w*[far <tr ^*14 ^ «tcot 1 



fw 6*14 
?rrto 1 

( 616 ) TOkRROT TOTfTO TOOT WT$ kto *lto akm 
areai ^rra 1 qk kreatTO sjottots ^*ito r ^ ^ to, ^I5OT 



C^TPT 5«5»T 
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?TOF*fTO 4<pft ^T S V»»R1 3P31 TO I ?rftf 4CTO 

faW^TTO C $*5 TO r 5JT?ITC*fa Cm^ ^1 To i£) 5* i£& 

C5TTO5 §*ra 0 «a^ 0 4- <20 CTO ^5 TOJ 5TO (Ring) 
TO TO, 5TO^5 CTOF*l TO <2.S =27Tr a sin 0<20 
(614 feff 5^1 ) I TO5& afe (TTCTO C5T$ *1^5 


*faro 






»>' 

ml 

\i.ds=i A- t 

1 8 2 r in 

A*. 

f (l+cos*0)r a 
;o 

sin 

fldO 


U7 & n i 

w - = s u \ 

' ** 1 
[me 2 / 

2 

/ 


(617) 

*TsffoRW 

i (613) <w (617) CTO 5 

^fT'051 TO ( 555? 

<2# = 

= 1 55) 


_ JF, 8tt 
a = T ~~3 n 

/ «M 

\mr a J 

^ 2 


(618) 


(J tos ‘fac^ ipm* i ( 618 ) to^toto 5 to 55 ‘fcpro 
fTOF*l spsf'srr (Thomson Scattering Formula) I <£i^ s?r$k 
fTOFTOP TO 55 ‘ibi>rc fawn’ (Thomson Scattering) i C5C5<$ 
4 cto fafos Wtoto srnfcwf'&s «nw, isi fareTO* 
fTOF’f'Q (Unmodified Scattering) TO 55 I 

^TOl (614) afoft $CT*teT5 SRI ?TOF*( 5JTOTO TO 
^TTO TO 8 

®*= « =*(£•)'■ = 6 ' 66xl °- 25 «** (619) 

cf a 5C^ wtfew SR^ (Fundamental Constant), to*i £5 
TO ctot e, m vS^\ c, <a§ iptos fero fcr»5 to i 

(J fl 4?ft ^m c^to ^ i #? toiT®® 

wm ?Kun mpmx ?to® v$to wra faWd 

5 W^»I TORI TO TO, SsTTO \5T5 §*I5 TOt®^ fafroc^ *ifi?5 
aftWPI / 55 I lift *ffe5 C5 TO TO TO1 

Wva 55 to sir (o e I) 55 i 3^s5K «n*rai 5«?re arftr C5 
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ctofcpri <?r ^tf?PiT«i *ifay ^rr^ft'o'© ^ c?r^ , ^srr c i 

“foyt afofi> ^c®T^t?r c«ict i ^r?tf r e ^ipn«f 

37*=^ 4^ 4^fi> *^S C5fT57^ ^1 STTS, ^sT^CSf S^R ^1 c?|£® 

*itw af^f§ c*R 3f*p *rc«f 7r r e * ^ Bv isr 

4^ 4<tf$ 3|fa> TO I **^2 


^«[^1 



( 6 - 20 ) 


r 0 = e 2 /mc 2 *rc*nrto *m 3$ sflTJTl*^ 

(Classical Electron Radius) I 43 sir 5055 r 0 =e*/mc ,s 
= 2‘8xl0~ ls <?7fa 1 


*rf?RT*T TOffi, (618) cw 

4 ^ *rc*[ji faawi ^n sits 1 si^an (Barkla) 

srm #*r fasrt Jibw 4^77*7 *rfssiT*f to^ wr 1 to 
55tr<3 tow *f?<Rrn tor i ^Tfora ®a- 

sjr *rr«?n sts 
(a/p) = 0'2 

(619) CTO* *71**1 TO 


_3cr 1 a _ 0'2p 

8tt* ( e'/mc*)* ~ 6*66 x 10~ 20 6 66 x 10~ 2a 

= 3 x 10 2S p 


^rr<rr<r 4^ s»T-c 5 7?'t>?5Ti>ra «mnsw *6ro siySji sag 


n c = 


602 x 10 aa 
12 


xp = 5’l x 10 p 


*r® 43 afe toj ^sih §c5-j*Fta 7f<«m 

v _n 3X 10 a8 p _ * 
w c ~ 61 x 10 22 p 


4$ 37 <*m c^fsRiEoa Mm TO«ftoa zFto 37^7* 

7RR I srsfft 4<T asjTf'Tfi 5U CT ^TR* *fTO«fa^ WJ1 



45< ctsipt ufa M& 
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(Atomic Number) 45 *mr$z &*!58fc55 *K555 tor i 
i£& *H)MJ “5551*15 CTOT'Q ?f\al 513T SRTfcr® 5E5C5 I *154 vil 
^p\ a-4tf55T5 f5FF*r (Scattering) w'fa 55 H 1 c«w OT?5^ 
55 C5 *(531T«l ^H'Q *15*5515* TO555 tor \ sptfrc 

C**HC*5 $55R $IT5 *[5*5^5 *R?fa §E5T*&H5 3JT5R C5 *(5**R3I5 
to &*rc5R? ^ *r5*tan c«rc* asute 55 i 

45T1R &851755J C5 X-<jf*tr ?5CTC*Rr ^* 0 ^ ^ C*5*l 
ft fas *Rwi*ifw to 55 aitora cro^ (551 ^fcsrwR, 
T^f&BiTsr a^tvo) <55:5 sfwrsfi i ^ to cra <3 sjT*ifo^ 

X- 5 W 5 ^55sfMi 0’2 snrc *rc*rai C5*fl 5^51 sotsr i *T55 faracra 

T^ctsvj ^ wr^Tf ^ gfa jpw 5W5 cto§ awrai > 

?5C*F*1C*5 *T5*55f5* TO55 5^ ^95 55, *f?5fa\a f5W*f ^5Tt* 
(618) toT* 55 C5E* 3T3 SIR ^5 &5\55 55 I 4§5i*f 

stfvs??ra? f5C*i:*t5 *T55 5fl^ C5 ^ *f5*55?5* tow sp»w *Rpn«p 
archil ^C*l*$5?[fa5 *fT5**f?5* g5<5 3fT*ffo\5 X-5?*IT5 ^55?frt3l5 
mm ^»Rhf 55 i sppi fafos' ttTO$5 C5W fafog ?5f*55C* *i5**(5 
C5t* 3^5*5 5£ffT £spT£»T5 vsC^ C5 ^piR *51 55 ^51 ^t'?? 3 T\^s 5t®T 
5TCST *51 C5C® *fTC5 5T1 I 53pS iJCTO ^FTOSfa C5E* ?5?**$ 

^5W5 siwj 5ifo5T5 (Interference) 55 i 
*55 s *(?5* *£5C?5 ^5TRT?T ^5*frrSJ 5?g ^5 &*ft *W ^T5C*T 
5J?^5 s&Rfff* (Constructive) 55 I *FC«T fafosf ^$53F^TO 
f5®TC55 (Amplitude) stf* (Resultant) faro ^ c«rc* 25$ 
?5®TC55 *tf«5 ^RT5 $5RE* TO* $E&o5 55 I 

^5 ^g v55SFfrrC3j5C*Ca (A, < 0’2 TO) *tf5?55S f5r**f *(5K* 0 
5pf C5k^l5 ^sft^5«l (618) csrre aTg sTR TO 5R 55 I 

5T5 5TC*II 3RT^ ^5^ «W 55511 551 5T5 51 I ^5 55555 SRI 
C5T5R$T5 ^55 51T5I5I fa?® 55 I 

45TR ^®5C5T5I C5 ^555 (616) C5C5 ?5^ ftfCT 
X-5f*l[5 ^5^T5 “515555 5T<351 5T5 I ffW^5 ^5*^55 

C^Cff >f5ft<P5C55 5f^5ol 55^1 5T51 5C5C5—t5C55®5 

^£5 f5C^5 C55TCT5 CHm (0 > 45°) I «{5 fg ^55^^15 
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*RRT*l <3 C^*5^ *(fa5a 

cro fato to fato fafoacaa to©i asitoi (6*16) c<w 
st$ to®i ©ioti srcaas a*a $$ i sf5©a ©asffrnto cro *raT©a 
?ac*F*i ^ 5 ?r $$ a# *pr a^aaia bri« casiaRto ^$a aisrai 

f»7C© S[a I 

6*11: to*f 

^»Ja^8 >TTW aarr© sfTPlfaaH fawpft a^fa (A. H. Com¬ 
pton) aafa care in*a«ff X-aH fare**! aafai a*are 

to *rei ca faffa* T'tw fafasr ato are ^ to ^©asffrT^i 
jt 8 ^ fatoa aire i ©Ta are ^atffca ^aspfc^ ^nfa fafoarea 
^asptoia ^rsrr^r sa i «Rrf&a ©aspfctf^j ^’Wf« *ftoa i 
c*icarc? fatorea a^re ®n?tf a^re wt^i a*a sa i 
§ga sa ©mfaaf©© f^torn (Elastic) facTOia 

spre i fato cto fac¥*tre a®n aia srf^torw facTO (Inelastic 
Scattering) i «acTO fafa^area a^re toafto sea aia i 
faca»*fre a«n sa ‘a^Sa facw ai ‘a^Sa fear 
(Compton Effect) i 

$$ fcai auan a^ara bri a***ifa ©uwirea caafrr 
si^aia <sca ©^ §grfa© acaa i to ©i*[aw ^aica 

caaftaa «p( ca hv toarc *if^? snre ©i aa, ^a fa^ toaia 
^aca^t<3 sure i aiTf aocarea ©fe^a^a ©ca?a ^©a tons 
%cg% ca ©tos^to fafa^area ©are?r sure i a?«f fato fore 
< 4 ?? c^Rwcsia f©©a faca afs career aaito fafa^area *tf*? t 
ar«fia toaffc C#a’ (Poynting Vector) sa N, ©isCq 
s»aOT sa N/c 2 ; vsaTca c seB5 ©uceiTrea ca*i i ^Traf^a^iaw 
cares ©r^am toia a*ai sa i ^ ^aica v cac*r sraiaia 
4apf& afaaaa to >t fe sa ( 8*26 atoaa 5^ai) 

E = mc 2 = m 0 c*/ Vl — v*/c* 

m 0 sm atotfSa (Rest Mass) ^a^ m acni ^ 

^ra^ra ^a i ^aa aal^aa m m=E/c 2 c*rai aia i 
a^to© PFT^caa af^ caaa to - ^ ait, ^^icaa 



ifm c&m *&t Ms 
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VFpSW 511*131 SIFT S^IF© *ITfa CT ^*5ra 

hv *fa? ST* 9 ^ C*FT(>W3'G C*R ^$1 <®3 SfTW, STS *IH W = £/c a 
— hv/c 2 c«r^n sis i csis^ <?ft£fts cs^i c, ^43 mc = (E/c 2 )c 
= hv/c scs ia?r '®?ic^t i 

c ? jpT$»r si ^iceii^ <Ff*wi sss ?*5s ^csffSfts 

5TCS *KST$ SJT-Q 5^1, \s*H ‘'itsST*! ‘5Tt^o*rt^? Sfl&r 3*13, 

ST3 *fZ&\ CSS&WS “ft's? <33$ ®3C3*T fo§j£l ^CS STS I 5JFT ¥31 ST¥ 
3T$ 3?*lf3 sm 0 C¥TF! 43K V C3FT 3T5PT3 

43K OFT$STf& SflPffa'S 3?*P 5KPI <t> C¥ICT $$ I SFT ¥31 

ST¥ C3 fsfoSf C¥T$FT3 ¥ I »IH¥ y' ; ^3K 43 "ife hv' SJ.3 I 
-C31$$ *KSTS53 SW CTTfaffi ?¥f *fasiT«l *1^? 3T3T3, 5T54S v' < V 




3C3 I 4$$i*\ 3TWTF53 9TTfa?S¥ fsCOTS ¥31 STS ‘"ife-TOW 43K 
‘<53m sssw t$ ^ araro ¥C3 i ?Rm53 *13 fsfos cssfcrs 
^53ES?f hv'Jc ^3 I snrst^^TST 5 ! <5[M\5 ST$ $.C«1¥$FT3 

^Tfo*f ^ T e - ('me 2 - m 0 c 2 ) 43K 43 ^313*3 5?r mv = mfic ; 
*WTPT ft = v/c; 43K m = mj Vl-j] a ^ v CSFf aisuST*! 
$C5T¥&?TS ^ ; m Q &5T¥SfaTS ?*5S-S53 I «fop SIS^ 6 ! c«TE¥ 

<9 fT'Q?1 STS 
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c^PTii i£i^\ 9if$*or?r q fei cy 

«aw*r *rc?NN ^ son *(T<3?n m (6'15 fra s^i) s 

cos 0 (6 22) 


hv_hv' _j . m 0 fic 


'- = —-cos 4+ , _ 

c c Vl-j 3 : 


a /iv . w^Bc « n 

0= sin 4>— 7 -° e - -^ sin 0 
c Vi-/3 a 


(6'23) 


/*v Av 

- — cos <f> 

c c 


(6*24) 


*pfa?ra (6*22) w (6*23) 

-7=^==^ cos 0 

Vi-(3 a 

m 0 Bc . „ hv' ■ 

-7 ° — sin 0 = sin <t> 

Vi-(3 a c 

Stosi *tsfrF<w ^ ^ fto to c*tn rmi to 
<ff£!_AV.*VJ_3*V 

1-0* “? ? c* 

(6'21) «w fto to *irai ^ra 

= (/iV - W + m 0 C a ) a 

= A V + A V a - 2A"vv' + »» 0 V 

+ 2A(v — v')w 0 c a 

5$ fro c a to sn to ■moai *rra 
m n V y = V0 V 

1 —)3 a ° C l-0 a 

= ^: + ^_^w +2mMv _ vl) 

(6*25) 

srsftea®! (6'25) c«i[f (6*24) fcoN 9 fT'Q?n s 
• 0 = 2m 0 h (v — v) — ^^ - 2 vV (1 — cos <*>) 


v —v 


& 


vv 


W 0 C‘ 


(l~cos <£) 



C^BTT^r M* 
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c — —) = — - (1 — cos <t>) 

\ v v / m 0 c 

3?*p OTfMl X = c/v i£m <rf*P VS?J3?frrtj 

X' = c/v' 5$ I v£J5T^ $IRS1 ^ftf fafa 

X c = — = S53rafcrtj (6'26) 

m 0 c 

^TTOT aT'QSl TO 

^ = X'-Jl = 2Lsin*| (6-27) 

«£ITOT AX = X'~X 5C55 TOT ^<TSftol3 *rf3TC<©^ I 

5fslhRi»i (6*27) <mi ^rr?r /i^ ato &*bt 

TO R, ^ fare*! W?f TO 1 (6'26) ^sft^C*l 

/*, m G ^ c *K*[JT*(to sir TO *fP3?n to X c = 0 0242 
*TJTWto I 

5T^t^?r e i (6'27) c«iw to c*r to?r «rf®5W to^a 

U> = 0), fato ?t?to 'Siwfrtfj afsreto $$ sn i w 
snato sto ?<ra"N f«rw farea ss, srsfre w ^ = 7T ^?r, ^«r 
fafaa gto aferc&r ^ i toot 

aX = 2X c j& i 

to *rto a#ro ^T<n (6'27) asftasm asren asuto 

TOR I 

(6*16) to a^rto X-<iH ^tost toj T 305 
»lT»TO®=Trsr (Z = 42) «fT^ Wfo *TTOf (Target) i T «w 
srfBROTR K a tosro R to?am 

(Scatterer) &a«J snato to 0 OTA ‘fato 53 I faCTORT 
a<r to*f 1$ <3T*(fe53 (Slit) toa to am to f*to *H 
3JT*t ^rsitov (Bragg spectrometer) TOTST to^SF C 
C^STTCTO §a?T «rcato 5?T \ C^oTT^f CTO TOfa® 

(Diffracted) star I strir tof (Ionization Chamber) am 
TO, TO TOTCSJ fcw Sf»lR suai TO I lift TOTO TO! R 
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®35Ffrr^I sum I ^T<T fafo# 

a?*p *iwj 5 ® fa?®sr Wtow U**fa nrc i 90° 



far 616 

*pforo:«ra zr\ nw$\ i 

C^TC 6 ! fafoSFTC *tfasiT*( ^ <£ltff<r mi 4^3 ®3W- 

irf] sn*ffs® siYbr^tu K a ^?*ir^ sssratJf^RJ WT (0*708 *m ) 



far 617 

90° cro fafas X-afara 
W’tfcfttfET >f^C*5t ^^51 ‘^?3PT5 < Fra wfar i 

♦uem ^T?r i ^ispWi *n% 0*730 srarc ( 6*17 far 
gqfrj) i ^far sfc«u ^wwfrrtj *WH ^=0*022 5IJK Jflltan 


cwi afcr farts 
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(6‘27) CTO* <£ = 90° ?TOPa C^TC«m CTO fa?3if*n5 TORTCRR 
< Al =0'024 $n“) aTR rrtr SR i a*=asr 4RR«fi 

X-rH fatf*F# to ^R*frr3i tortr aX a?RRTa to tocs i 

TO CTO^ TORTR TOTR aT<3Rl TO I /dA, SfTafa^o <jt*p 

TOstfgitfiR §as W?r to ri i 

43TCR fRCRR^TCR afafRTR CRTO CR TO$R faFRl ^R ^a'ftTO 

^m\i^ drifts to i X-sfyr fi^i ctor* 

cac$ fa?:^ 5nsn r?*hr cto« to$r farea crri to i 

TO$R faftTOfR TOR CR teswfii# afas^Fa (Recoil) S3, 

to afar tocs& Ufa to to i ^ far«fl« aft? ifl^s astro toi 
afafare afro rcrj tot TOafo areai to i tot?i crtct 
a^TO (Bothe and Geiger) RTTO srrtTR froPrtw fafog 
X-a?ar c*ft£r ^ feaa$R Srstocrs to*fw1to astro 

5TS1 C^RTC^ TO<$ 5R I iStTOS ^*=a^T ^C^S pftfaw ^J^TO’jlTO 

tojsi aRTfa^ scare i 

612 : X-^fira RJR^ 

X-a?ar snfaaacas 3r*aftrCRa rcr& a^taaTR ss cs afar 
aro sofapsgsata Wtoi, to <5ssiWi TOrTS*! 9 tor ^TCeiiCTO 

TO5Ffo^J SfCa^l ^CRR 5 "^gTO I ^TCgTFCRSR TOSFfrfC^TS Rf&S> 
afsara to SR aia^R #tfss (Diffraction Grating) rtstcrj 
SJR oR RTO (Pattern) &+m TO I 4TO CR RJS^R 

RTO §*as TORTS BrRT RJR^3 SJR^R #K?SS §aSSRS CSRT^faTS 
aTS’afaRs araaiR ^rrc^rrc^p^ TOsfrtc^is *rcca tort?sr* sto 
acaT®?R i aTRfro ^cr a<a*M cs^fe sjssts asca X-sfaia 
sts^r ^aJd tos ac5^i sa i 4 §to arafos asHi cto csrr 
R^R 5 afSRTa TOS R1 SCOT'S CRTSn RTR CR X-aWa TO^frrtl 10“ 8 
CRCR* 10“ 9 CRfRR Rvs 53 I 

RTtfR SfT^TR tTOpft ^FR ®TT'OCR (Von Laue) ^JRH 
TOR CR CTOfars aWfR TOTCRI ^Caro'S R5X®f X-Rf«p 

rj^r to rsr 5.c^ aror i ^hfr^cr ^trT^ ®rtpr 
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* 155 T 3 « ^ *lfa &5 

mm siT'Qra c**n im warera* *f 5 sn«$to ’lirti? 
fafa *PPR I fofa CWT C5 ^ aw 10" 7 C5PF 1O" 0 CTfa5 
sto 55 ; 3 r<*fa X-5H5 ^ifNi 55 1 c^otrtr 

*rk*T5 ?rreg?5T «cv <s^«n a^hwn 55 C5 «4<r siwi ^fasircfa 5 ? 51 
sn«tfc^ srrc*f?r <£Rr ^^$1 cRtfaw ^^5* sttpf 5T5 c^ffas^^jfa^ ?5 rite55 
3ER?f R55f C*FriT3# siftre 55 1 45 ww rpt 55 ot c^w siwi 

^ 51 *l55IT*fljfal $C5 ®C5 RT®rTR «ITC* f ifl5< RR® »5*{fal5 



fas 6'18 

faw <3 ?f ?*K-tOT X- 3 f *5 •fl'PWWJ *RfNn 5 FF 51 I 

*fT5**ffa5s PIJ!I X-?rf*p ^W&rriJ5 miV ^*pfhr 55 > ^TC5f^ 
CTOIPRf *T&R X-5?*P 5J5^R fc**W ^5T5 ’W $nWT9ft 5W 
en« 3 C 55 5 CR 55 I 

ciT'GC55 k^t»f #t?5*l 'Q fofarc (Friedrich and Knipping)- 
RT5R ®[St faesl^ft \oT5 '®l*piICR5 ^TsI^fl 35T*1 ^55T5 ®fR] faC5 5f*r$ 

asfhn tor i to 5 *rHi a«iTslt X 6 * 18 ) to erwto 
5C5C5 i 4*^5 55rato fcrercto’ (Continuous) X-5f*g 
nr^sn ff®i-5T*WT§v5 (ZnS) c^stctr f^o5 to ^tr 55 i fas ^s 
5H^b§ P <?FTcfasnto ca$5 ^■'R *nato 55 1 caSto* fopto 
to simfare stops c 5 *itpt cato m ^cs 

C5*ITCR f5> ?5*f (Spot) PP51 5T5 I «55T^1 ^ <3^5 fa*£5 



far 619 

*!T'3C?T fa*; 
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frrfa'd R$*fT?[ <TOTO ^IT^'Q '5m»T^^f«T ^ ?5**[ C 1 ?*^ 
m<3?n to i «a$ to’ (Laue Spots) 5*n S3 i 

(6*19) to LiF c^stxrs toi ^ 4$3a*\ ‘<?itto to&t R^*ir 
(Laue Diffraction Pattern) CWT 5X3E5 i 

a*nre #*r fasarct srir^T (W. L. Bragg) *itoR 

R*£*fI3 &*lto RS®? 3ITCJ1 S'fR RR<tf SR I fta?R 

cr 0^*1 ^Prix^fo R£*o 1 re*i3 rtosfr rrvd®t 

OfTC^ RTTO #*f3 C^<?ITCR3 a<RT^ 31 ft 3R «TO* I 

43 ^ ^ tow are to 3fNre c^toE Stok? $*r 

33T33 farM 5X3 TO l v55Iijt5TC^ 3«T1 S3 ‘faTO'l-W 

(Cleavage Planes) i 

<£& fa*tT5«|-^I*[too a3RT^TO 5R RfaC3t*f3 RS®f ^5TW 
CTO3TO $rRJ (6*20) to toto (Three Dimensional) 
CARTERS 3TOT ffRTto (Two Dimensional) ?3RJTCR RTSjTR 
3*53*^ to CWTR 5X3CS 1 4 $ totf* ^ *13*^3 W^IR 

to*t to i ^ to OA, OB a^ R3TO*(r?(to &*r3 ?3*^3 

3K«m 3RJTRJ C3TO ^RRT3 TO*? C3*fl I 3r«fa 4$ C3«(TS{?R gf^o 



C^tffTOTl ?5!RS^f 1 

Ik 

C3*®TTCR3 a55T»(^ f3TO«H5CR3 RR^jpn TOT 551 CWS 

arar1 aim tor cr wto aN srjtrj ^scbw ^phtr 

C3*RTCR3 faTO^R^R CTO* Sfto aT^rsUW atoto S3 I CRSrRI 
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*f?TCT«l <3 cw iffcl *ff?I5n 


gffa*F?5P5 c4<^l fat*!*! ?*FC^ *fTG?n TO ; *IHl 

5R5f fffpF tof I 

air^r to s^snwa aro ^aro bri >mf<i$ 
(Collimated) v£i?re«ft X-aHw c^fottc^rt tomro-TORr §*ri 
$iTatovj> TO3R1 f'sf'T ^t*^i ^gh c*f stospfsrs 3ff*l[ cn fcfC 3 ^ aHTtf 
^«n <?t?to cwfrsrrto^ c?n> ^r^rce'r c?to ^ 

aism to i 4?r*ra fto <?ra>T5iTto^ cm&r to^o iiwffi 

strpr to (Ionization Chamber) TOTO ^er I 3it?rr 



^<pTij ^[eibiia^p tozri <i^ c»*ri sufa® ■tor 
CTOPrf&CT frs 5 TORI fa^S( ctoCTO ®*rt ’STfrra ?fot (6*21 *m 
s®ito) i 4$ toi *fsrra??ro srca?^ X-^hr^p^ rtcto 
30?RST-TO (I) 43 ; C^olPT (C) 4 $ NtsRs <?T C^R CTTN 
tons to arci *i®3 i tspm toiroroj cn T cto to*?® 
X-aHw sto S lf S a GwifsKsa ^it^twi *RT®tos *rii $$ i 



4*Fj-3?*ir w wi 
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iPf C afe*Fto #*& D cs^ntos ta W« sra 

«II?FR HOT ^ I ?af s 3j dfaetf&CT ^IT 9 ^ 

ctr <9 feTc c i ♦ffamfts'o ^?n ^rr?r, ^t^cst ^Tcffara^ ?n^sir 

ff’f*! ^ffasTTW OT5TCST S?\55FfsrS <tf*U SfRR SjRiR 
aw*f aroi i snsiffi w Swu $ir;r srarc^ sir «w 
afs5vT«i>a X-?tT»u<t storera afasrrc aro^i >rs^ i §rm $r ^rahmr 
Ww ^ra^r c^ic«r «ri afoqsto iri §**w stor-t otis 



aim a^i»rt«n*w ac*ra toot a?g *st*ph a^ afcra^OTi c®w?ra i 

^ff?RTa ^C?R ^\ 'SfRf'R <3 ^IT 9 !^ C^TC'R 

W=T ^C^T I (6'22) to tf^ 9 ! »£Wft GWfar PWR 5CSC5 I 

C®RfW «W CWl TO CT faM *JT*r®!T C*TOT 

sfospto ato ^Ursi ft^^i \otoi 

aiwji ^<n *rra i (6'23) to *& 
9 r<RT^ tost c^pr vgci^to C5*f (Section) 

5W5TOW1 *rai totoy w «f& ca*fl?(to frna T^Rim 
fap m\ tRDt**T *31 SCOT I sjtfT ^<11 3T* <?r wM 
ia**^ X-<tf*g T^nm-^ai^to fraa wito ^ i ^uro 
^n*fR e r$s siprsiT <^pt«i ai afwffR c*t«i spa 5a t^wi-^ow 
1 iuNfw *fato c^rc^fac* ^»n ‘fe*ft-cw 
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aaaT«i <3 w*sa* a$R afara 


(Glancing Angle) i dfe fito-WT«l*lfaw (6’24) to 
tofa ^ai i 5LT^w^ (Huyghens) ^gTto \5a^ ^5 
s^arca ^Taf^s fafa*ac®ia a«rca srca^ sswa af^ft aaaT«i caf®i 
(Secondary Source) torca a 5 !®? ara i cat«i 

fato to ancaw ^a* a*ca, wfa ca to 
afvoSpto a?*ll ^ SH*r5a ^3Wa WT® 1 , SfTato af*l[ iflas 
'suasa otbt wTc®ta aan sa wasi ca£ to£ atoto 
afara tfhrei aca^ sa i isjNiw ^a* ^c$a aTsuaj atoacaa 
Tja ( ana 1 ® 5 ? c^t®i = ato»rc wt«i ) aiMi a*ai sa i aiaia®i 
®rrc?jw was* af®a*awa §afa®*i c«iw atoto ^ i X-afai 
waicaa ^^Ksca fo^a a^ a^acaa a>Ca I *fe®i $na?®® 
af*n fato aareai^r caw atoto sw arca i 

(6‘23) to d amrca «iato aaaa w^rca ®r caw 
X-aHa ato*R wan stare i ^ ®wa §aa 0 Mas-wire 
ssnaf®® ^ afar AO <®ias CP aanFre o <$at P fa^t® $naf®® 
sa i OB <aa< PD 505 ®^ caw atoto 5 ft aaisam 



fra 6-23 

arm af^psw (fonfa* ) fsff i 

afar 1 OM ^ ON ?ot aanpre O fa*y w $jraf®® vfia* 
ototo afar gfta §ata srcfa*® $> i (6*28) fra caw 
a^HwR sa ca tots ^a caw af®*pfa® af*ir aaa ®a caw 
af^pf^rs afar srcaan (MP + PN) afaaT«i ca*it aa $rf®?FS[ asta i 
afa $$ aa-ajaan ®a 3 ffa’ft X ai ^a *$ sa, ®tsot 
tffrwiwa aa ff& af*p atai stomas aitoa (Constructive 
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Interference) 3$C3 i stoto 3?*p &5W 

S3T3 *\$ sm 

MP + PN = nJt 
<43T1?T n 4^1$ 3*^311 i 

'm csr?s 3se®?£ c«n^n 3T3 ct MP = PN = d sin 8 S3 i 

«re»as faW ot«i <iH ^oten53 S3T3 *r$ sa^ 

2 c? sin 0 = wX (6’28) 

(6'28) 3^1 S3 ‘aim 33*^33’ (Bragg Equa¬ 

tion) 1 43TR fe 3 £ 3 T 3 j C3 ^*fe §3t3 ^wto *k3$3CT 
■at^FffH 3t«T '5rf ! «f^o ^s?n sracs, a^'o^fw ^crof c¥®Tn?T3 ?^f'5^ 
S3 CTO* 3J3Ss3 (Diffraction) 3*3to S3 1 

33^33 (6*28) cr3i 3T3 C3 33R n = 1 S3, ^ 3 ^ 333 
TO3 (First Order) *fT<331 3T3 1 «UCTO C*131 3T3 

2 d sin 0 X = ^ ; «r«frc <$cto otpt 3«*r 0 X cttc3 

af^FfffTa 3?3[3 ^shrsi &F53 S3 t ^T3T3 3«W H = 2 S3, ^533 
faster TO3 (Second Order) »fa3^3 3reto S3 1 «acro 
35fTST3T 3T§ 2 d sin 0 a = 2A. ; 0 a C3FTC«1 3JT3T3 ^3 
stf5*F«R *fT<331 3T3 I ( 6 ''22) to 4^353 TO3 afasF«TC33 

®RI 3T$ SJT333 33TS OT3H SC3C5 I to 2T33 ffW 

*3333 fa3?l> 2J3TS ^ (A lf B x i£13* C x ) CW31 3T3 I tof& 

^s3Sft c fC^]3 f<fa33 3131 §v£l | faster 0 *W'Q i9^34»3 

T^Sft5 $?1 CF31 3T3 (a a , b a 43* C a ) I faat3 83313 
'SlfC^lfa^ (5t&voi Sf33 8*C33 ^I^(t«13 ^ITC3fa^ ^S?' ; sT3 '3^[3f'3 I 
(6*22) C5T3fRT a?®*IW 5PFI3f C3C* X-3?*P 3<Tsft fa?r*T 
TO I fafafc ^35ft^ 3*33 fatoE33 ®R1 3fr 0 lt 0 a '43* 0 a 
33T2FC3 333, faster 43* ^3 2FC5T 3T3 5^<33 CTO «jT3^r 
C33C33 313 S3, S5TSOT 33*3*33 (6'28) CTO* 3T<331 3T3 

sin 0 X : sin 0 a : sin 0 8 = 1 : 2 : 3 

v3‘TlS33^3» v f, C$T3 4^ 33*t^T3 3*3®? 5T33 (NaCl) C^3T3 
I—14 
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X-9to sfflj 0 1 , 0 8 w 0 3 c^N’jta 
*nm m t 



fb?r 6 - 24 

fa?<5JT CT®IPI C«CT X-?ff*SRI 

af^^Frrc (fiwrftw cfw ) \ 


0 1 = 11‘8° 0 2 = 23‘5° 03 = 36° 

^sm sin 0 X : sin 0 2 : sin 0 S = O'2O4 : 0’40 : 0'63 

= 1 : 2 : 3 ( STS ) 

(6'28) spitaiFRr ^t^twi X-3?*p fcasfrrij *?n m, 

sfiff C*»1PT 3FWH d ©TR1 $ITE^ I spR^ipp 

^?rafrpft X ww\ «rrc?p, foy ^itsicti d 

*p?n ^t?t i 

§*rc?rcr ^tottb^ c®i^ ^tobt sw«ira fcwto c^n 
^ i (6'24) to 4^1$ otict* *reiTOi jwtwto 

cwm s£5j*[friw ^ *ra*ic?i*n to*r ^<n scro » 

«rt ?w*r tos «wt*[« 5 to c*wr seto i 
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4^pr-3hr 43 * m ^ ?q4g[ 

(1, 2,3) ?3fssr cwr ^353 §33 0 lf 0 a , 0 8 

faffs' ?v5$3 C3TF1 X-3W $IT*ffv©^ 53 1 13^53 C3*IT3 ^9(C553 

*rr3*a?33 3J33T3 d lt d if d B a^fo ^33 53 i sre*n 4| ^iw- 
^*13 33*31^3 srcsn 3*3^ «fTC5 i 4§: 3*a# f3§3 3ra 

3&PT3 $3*13 I C3 C3T3 C3ffIT3 C3C3 afc>*FfffF5 

3f*ff^[f*I3 3C3J 3lf'©l>T3 3 CIj 3f*f , ®TC ( f3 ^535^1^1 3IT3 

33^33*1 (6*28) 5T31 Tspflfoo 53 « ^rf*f 3?*fl3 3WJ 

§*? fsrffaj 3*3^ 3H 3^3T3 3TC3 ^C3§: 4^ ?31?I3 

CerC3 afapfa® 3f*IT3 ^fer®l 3^ 53 43“ afcppfaFS 3?*tf3 «rf^sp| 
3T0C3 ?3*T *11031 3T3 1 (6*24) tw C3C3 *330 CT31 313 C3 

C33TC33 3WJ 3C3^ 33 3Wj«£ 333^ 3 E 3ST S53*[0$3 3*311 «(3 
C3*ft 33 I ^T£®& ^fTafovs 3^3 3t3J 3TSTT3 3*=*f^ 

^3^3*1 3T3t30 <3I'SE3 ?3*?3 3*311 *{3 C331 53 31 I C3^ 3JT0C3 
fc*??(?33 SR^R ?3§3 *C3 CW3 ^3^3 3T3*3?335 3J33TPT3 
§33, 3TOS3 3^31 C3C3* C3*3TC33 3&? f3<3 *31 3S3 I 3f3*fJ 4§ 
3fifore C3^fTC33 3&T f333 *31 C33 *f&T I 3JT3 *$* §§Tfa^ 
3 , $iT'£>6s §333" 313^3 3331 '5fC3 l *T*'3> ^W* ^T3«3 I 43 3T33 
4C3C3 4333^ X-3?*tf 3J35T3 331 53 43* 3JT3fo^ 3?3f C*«TC33 
3WJ*T3 f3t33 4**^ 33M3T3 C3^T3 <53 C«IW afo*?^ 53 I 
3333T* 43 3*C3 3T£i 4*1S 2FC33 (Order) 3^ 31031 3T3 I 
3133*n:^ 3T0C3 *r*f^S 3fT3?^© 3?*tf ?53TC3 CITS f3?33«l (White 
Radiation) 3I35T3 331 53 I 43 3C3J 3^3H faffti 53*frtfj 
3 S 3^ ?3?*3 C 1 fafe* 33TS3M C*81T3 «t3 afvPFfa'S 5C3 

f3tew ZFC33 (Order) 3W *C3 1 C3$SRJ 5HOC3 35^5 
§*3?T 3I3fi3 3331 3KFT3 C33l ®T I 333 3#o X-3H3 

^35Ft^ 13313:33 3W ’fft ^?33T^33 I 

^*TC3 3fl^T?Fo 3 ^feo 3IN ^333 W3 3313 333 C33*T 
3333 5 I& S3 C«TC3 at^3^3 f3W531 331 53 I 4| 33fv5 

5TT3T33 f53T?53 3*T3t3 3$3 ^*B5 3I3sC33 3^33®! 13^3 33T3 
33^5 t STTOISr 3331 3333 333T3 ^33 33 eTT<3:3 ?3W 43l§ 
3Tl«l?^3 ^ ^ST?3^o 3C33 I 4^ ^ C«C3 33^1 5#33*l (6'28) 
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*fT'G?fl m I ^“IJ '5fTC»!T?^5 3Rf5f ^ $IC*W1 $fC*T^ 

($*ft Srfifa I 

^ crom si*iP 5 cq cto * 1 ^ cot qw^r ?otri 
TO1 S3 I C$TO C3 3^>*fC^» i£l^fi> TflWlTfl* ^r^*t ^13^33 
sr$ TO TO ^51 f3C35^1 TO ^ &§T?3\s toi S3 I 

6*13 : £3*^3 fc**U G*fc$ X-sftl3 ^S?wbf<T f33<*t«i 

(612) «I^W5W ^OW TO1 SCOT C3 CTOT3 vsSj^Rr W#P 
3J3TO d toi otc< 3 arr^r toTtoot w^i X-3f*p 

<P31 3§3 i C^GTrCTil ‘^ifa^JSTO’ (Grating Space) 
1»T^3 TOCo $.C°1 5f3*ff 3I3Sffi C < P«1IC 5 1^ 3&*T 6rMI 2fC3T5?»T I sfl'T'S? 
5R«1 (NaCi) CTOTC33 *&T *[3 3foTOTC3 fafa ^<n SCOT l 43 
Bfntsft®^ ^ 4^fi> 333 333 s (Simple Cube) 3^*r i 3OT3 
^T$ CTO 6 ! C3Tft53T3 43* (33^33 *f33T^?3 ^fT?l?OT TOT3 <OT 



• SODIUM ATOMS 
O CHLORINE ATOMS 

tw 6‘25 

3W1OT 5RC«RT (NaCl) t&QIffv C^3TT(^? fRRC^f I 33C33T ?3?<5!T 
CTtfw fa*?;rc Na + ia3k Cl" ^tt?r «nc^ i 


( 6’25 feff 53>3J ) I 4§ 3TO 3^ Jiw? 33C33 *f3**13 TOW 
C*rt3*$3* ffisnfe^ ?331TC33 TOT STSIS lifts S3 I C3 

CTO 51 $ TOffi 33CTO RTTO*! 3faTTOT3 BT<T CTO 6 ! C3 5Rrf& *!33T®1 




Ufa 
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S[ft 3TO3 sn:*f& ^SS «TTC^ TO SIR *F?H afT?!! 

c^ititt^ to *rasn^[ftra v^a farrar^qrat U^m c*r <srwfe 
(Lattice) sirrsts J^*tH fRTO?T sre i ct^bri $f&ro 

‘®rT?F?TO&T’ (Lattice Structure) 3*11 i c^tfri TsscsRl 
aas^ ^(fsra, «r«frc SR*? Ns^fata TO*m ^ 

^i *it?i i 

^T^Tff'S C^TRS ^f?f5JT^[ SJT$f$ ?ITO?I TOW SR-f^vS 

i cro? afa sito<t *n$ c^tr a<RT^ *ro w 

cr? *f<r*a?r *rc®rei sc?i fonfa* c^m *if&s tost, 
^Tce?^ sir ?rai cto to r ?rc® ac^i^ *ito<t skc*t ^c?i 
a^siT^ S3 I CT3TTFRT sipiJ a?RT^ «RC^ 

'S^^jte’I SR^S'Q VITC^P I SJC^T ^31 ^T^ 5 R i£l<P^ $1T3$'R 

n *iwp NaCl ^ $itr ; cttS 2 n *kw *i<tsit^ ^TCf i 
qfr NaCl a* sn«fo^ ^ sa Af ifw va?r sr< 5 3?f p, S5TTO 
c^«n ?rr?r 


4*(TR N SC^ 3iITC'»rRC3n WH (Avogadro Number) I 
§aR?i ^iwitRi cto ctoi ^rr?r r afo 4*^ ^t?i%r *3sir 
srffs s?otg 2w ss, arej^ sttos ^t?i^t sc^ 

= L=JL 

V 2 w 2iVp 


sfo c^tPf *tT?i*af?i*p ^ s?f d, ^tto sr^?<?i?i <tts3 

fctfj<3 d sr i *ito§ ^jtsri 



(6-29) 


srsfteirc (6 29) cro Ufm tot?i str ?rta d Ms «F?n 
m \ «fas? sre«i CW13 c^cff M = 58*45 4^< p — 2164 
sr/sr Rfa ; 3^43 «nsRn 



58*45 

2X6*025 x“10 23 X 2*164 


=5 2*814X10” 8 &U 



214 S CTO^ 'ST^ST 

^ fat©?* ( CTO sn^TWI ) 

X-3?*P TO5ffrtfj ^ *r?&TOW srr^l SR l i£|^ 5TR ^fsfs^s 
TOSFftrtffaT srr^T C«fC^ §1T^T TOWI'Q d *fTTO TO I 

Iffim 5ft5T^R (Siegbahn) »w $T<T 

$$$*{ TO*F *rHr TO 18° R &PTO TOETO ^T#r- 
TOTOTO R SIR TO=T ^1 5W5 

d= 2*81400x10' 8 R?* 

OTTO TOv&T TOfoffs X-<J?*p TOSFfrc^R RSI® *fasu*£ *FsTO 
^T®T TO«1 CW<1 ^ftfa-TOTOTO §*TOTSF RTCR^T fefes TO 3R I 

TO TO TO*fi *lfa§r »R*I OTTO TOTO TO TO 53 R I 
<PR®I OTTO WTO^f (Hygroscopic) SR I R^SRJ 
TO3ffoft R^TO - Xr?*& TOSR 3TO CTO OTTOR ( ^ 
TOTO§Efo ) TOTO (d') TO I 3JR TOftTO^ C«TOT 

TOTO TO 

2d sin 0 = ??A, = 2d / sin 0' 

stfrc d'^d S !"| 

sin 0 

NaCl CTORS ^ d TOl TO5 OTTOtffo 5RJ d' ?TOiTO 

TO TO I ^JTOT^tfo OTOT 18° R ^PTO iS^sTOT ?TOi?TO 
''ITTO TO 

d'= 3*02945x10' 8 Rfsj 

X-?rf“P ^Sffcftfj fctfCTO ®fRT TOTO^I; OTTO TO*P C*K5 TOSR 
TO SR I 

4TO §cprctoij R ^ *f5 tosMj toto X-<tf*g 31 *f<RT«t 

C?Jsag<F 7Rf«P CTOf 3JN ^5pffR OTTCTO sir ^ C5T$ £3 I 

5?R R?&F S5TOT X *f?3SJT*f TO C3*f *RF I C^SRI 36TO ^ 
*f 5 TOSfMl T 5RT t ^sro (Dumond) 43t OTTCTO1 

(Mile Cauchois) §gr?3^ 32F-OTTO (Curved Crystal) 
TOifa 3J35T3 TO SR I i£& TOifoff© 2 fsfa C33 TOTO - <W 
50 fsfa a»i® %^?F (Quartz) §TOT5 frtfsps ^ 
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4^-5^ 45 * cto*t fctfa 

5ZF COT#5 SfSfo’f "511?? *&*[$ TO atow 5?F 5R1 55 I 
cw*r 'aST^t®! 5 zf 5E5 5T<35T5 sf»ri ato^pf^r® 5f*i[^?®i 4^1§ frrfrf'ij 
C*FTTO ?5*f c*tt& faj^ 5C5 «ITCT 5t*f SIFT 55 I 4§ *{5 

^ atoa 5S5 i 

6*14 : (^5ft£*Rf ^5 > R#lfa ^55P 

C5 C^H C^®llC55 5?55r^ s fo «T^FI ^5C«T 4*FI>1 ^TTSISI^n C'T’^C'S 
aio?n m \ 45 cto *F5i m C5 c^TO5 toj ^ 5i 

*(55lT^fa 4#1 Wfr'S fa?lto 5^*H 3^5T5t ?55T$ «fTC^ i 4^ 51 
4*nfw *15513 5T5i ^rto 4^5<*f 45tf£ c^rtT^f^ fasir?5^ ^^*n?r catos- 
^?iT^ ?55JTPT5 TOT >T5|5f C^T^ *tto 55 I 4§; cstfto 

s^»ITW C5^rn?15 ‘45^-CTO’ (Unit Cell) 5*n 55 I C5*TO5 
5?55Tf?S &TORF 4**-C*TC55 ^Tlfto ^TSf^lI 5C*1 S^SJH 5*51 
55 1 *$ Sp^W C551 CTO C5 NaCl C5**TTC55 CTO &Z? 45?5*- 

C5*T5 SRC55 3TTf?3 fafa'S 55 I C5 CTO 45*5*-C5*TC55 ^7f?® 45 
5T5*(to &frtl5 (a, b, c) 45t 5T5*(to mfa C5TO5 5151 
?5*frto 55 I 5I5^®T $15*11 *15^:55 $lfoTO 5TTO *fTC5 I 



4^5»a 45*ft 4$5 *-cto (6*26) to c^to 5cto i C5TO5 515^ 
C5»snw5 *ra ?5c4*r to i C5TO5 C5*tfa5* 

‘eiT*F?5-?5*r’ (Lattice Points) 5*n 55 i WTffo (Cubical) 
51 $1^5i*t *T55f C^®(TC55 CTO TOJ5* TOfa U*$3 45*fi> TO 
*555T3 51 *RWT»ppf ^5to «T1CT « CTOOT5 TOI 55 

’ifaW *RRI*l ( 51 3^) 5*^ CTO5 TOT5 5*51 tol5 5*51 
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scro i c^*itto fosffihr is^s*r sraraTO 

c^fto nocto f^rjpr fcrefa to ^ to 1 n£i^ 

*K«fJT^TO TO 53 ‘fsPTO-^’ (Miller Indices) 1 

‘fsiTO-^’ TOi^O ?* C3TTO v] 5TC®? «ICT W TOTO SRiaf^O 
iffsuto OTTTO (6'27) ta TOft CTOPRf ^snfff? «*f 


Y 



fsTTO-^S^ 5T3NIT3 SRJ 3??*t% fon?2FF «* I 

(Section) cwto scro .1 <ficro OACB 3 ^?^ to^- 
CTO^?TO ?<iTJTOT<T *TC»I fasft site 53 1 

af no ctootit cto?t noct^to Nflt to KL, PQ snffo 

SR Bfwts-f^y Tf^fc^o ‘c^eTT^f C3WT «Kfo^ TO 

I TOT TO TO CT a <3 /; ^55 ^TTOCSl OX OY CTOFI 
TO3TOTC3<T Ml I (6*27) fen CTO CTO 

TO c*T X w Y-^TOTO c^TO oti^sri ^sMl (Inter¬ 
cepts) *£l ^faro s?r 1 ^ t ip»i KL 

cwrtfer X«Y srsMi spitot OK = 3a »w OL = 2b 3 $ \ 
** 1^2 a w fr-4?r vfiTO a*T«r *pto ^ «raMi 'ffffa Mi 
3 « 2 4TO 5 $ 1 4PF3 ?TOfho ^jpjfro (Reciprocals) 

J: i 1 *iwi tffor «i-*n-*[ to 9j«i to:*t« ift sr^rcoa to 2: 3 
S3I 1 KL (3TTO fsro-^ TO ^?r | KL 

C3TO faro-^ (2, 3) C5T«n TO I 
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susri sff ^ c*mzm cm Iws-sitort ^tt^t?t«i tos 
*rrfa i 5frr <?fh fa^nto c^tfbt qw w 

4T53(to Ml 55 a, b 45“ c, ^T 5 S<?f §*o C5 C4R 

c$e TT3T TORI sir 5W a, b 44* c *i*?m *$ 

*jfa^ i foy sraMj^fro wto Ha, H6 4<i* Lc c«m 

m, C5*m?r H, K 44 * L i ^4T* a, b 

44 * c ^^nT9|tBBr 4 to* mv*\ ^c*\, ^raMi^to 

H: H: L 5 ? r i 4§ ^nsfto *\-ni-y 4T<n ^ *toi ♦tresi m 


H:K:L = 


1 1 

h : k : 


1 

/ 


'’T'&cs h, k 44 * 1 *i45**m 5C4 i 

4$ tvssrt 4*fl 54 C4«TPI ^fi>5 



fra 6‘28 

fsRRi-Ti;^ m] cwpi **i f^pr'cra fa™'* i PQR 
c$* fPi hf=mi->n;5^ sm (6, 4, 3) I 

(Miller Indices) i ^154*1351*1 (6*28) to SFrto PQR 
C^eTTR TORI srMj 5SJTOT 2 a, 3 b 44* 4c l 


44TR H = 2, H = 3 44* L = 4 55 i ^44 c*l*n 5T5 


H:K:L= 2:3:4 = 


12' 12' 12 


111 
6 : 4 : 3 


3^051* 4*ITR fsffiR-^RF (6, 4, 3) 54 I 



m 


Isfql^-^5^5 *RW 3[tf5 aflR I C^TWT^ CTOT 

W$ *$*-*«&* SJT5] ?(t£S CPf?lH ^ ( 5f«n 2 ) I 

w ’rcw'W $i$fa TOrffe c^tpr w faw5»n m 



?5ff 6-29 

wiffe c*®iTPRr iro^ i 

i (6'29 a) froff iifcaro c**nPBr 4 <rk$r c*r*fR $zm i 
»9CTO Cfffir^T ^ OX, OY i£R? OZ, a^ 5 ^?! 3^ 

*H^iw ?*rjs 5fT^ i X-«rc*F?r sifesicf OFGH ara m, 
Y « Z ^W3 5WW3W 5$ • =5®3TC <5*1 *1 4<f 5TOM C?R 

Y i<m Z ^sfrntfra rtr spjfo 53 1 x 

55 1 <rcs$ 3 i*fta (Reciprocal) to “JRT, ^ 
(1, 0, 0) c«roi *rra 1 qsprpr Y «sw Z 
fon$ OADH <<m OABF ans faera- 
W to sm* (0,1,0) 4« (0,0,1) i «mnr (6'29b) far 
CW *rrcr AFGD (Diagonal Plane) X 
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Y sir w, «n?r mZ stpt srTsi i ^si it< ^ 

WRrfewra*^ (1, 1, 0) ^ i ABGH BDHF 

s^-va^ffo fsjsiT^^ 5tW (l, 0, 1) W (0, 1, 1) s?M « 

fotfS ara^R *4 n<n WTte AFH ^-n5e«r X, Y 

<iR^ Z 5fT»? ^PTH I ^ vsqTu^ ?SJcfR->[5^ 

(1, 1, 1)3RI 

4T15: NaCl KC1 C^Tf^ < tffo 

» 

X-ahnr ^t^twi c^5tc?t<t fa4& ?jri ^ i 

<£$ C^eTT^ WBZ faW I (6 ”30) f5Dff KC1 CTOTPR 
(1,0,0) w \ w <i?*p ®rj mm *ntas st$t ^trjr 



lO* 15* 20* 25* 30° 35* 40* 

20 

Tot 6'30 

KC1 ctriots faf^r c^pjpi ot»i wc* af®«rf»OT X-3f**ra ^rai arr^r 
*»rt®fl*n*R to® *rra?H srr; £$ti:«rt cprTot i 

-gfTO: c^R tocs i ansnfero (Z = 46) X-aW *trto 

to <f& *nitai s*r i T^rT$ aro §®r bri afaTsre M* 
<TOR (Glancing Angle) sir To! 0 1 = 5°23 / , 0 a = lO°49' 
w 0 3 = 16°20' i *re<iw ajro *i*ltaro c«K?p *tT<3?n to 

sin 0 X : sin 0 a : sin 0 8 = 009382 : 018767: 028123 

=1:2:3 

v£|^ T\ih?i) ^KpR '5R 5 5[R ^?T gfTI^T *IsfaR«l 

Vd 100 sin 0 = nk TO! I iiNIPT n = 1, 2 W 3 «Rff5 TO l 
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zmz (1,1,0) s&r c*izq afowicra wa aw sot (» = 1> 
fofo c*pot srrsr 0 = 7°37' i (1,1,1) w 

afo*FrOT c*¥cs aw sot c^ot sir 0 = 9°25 / aToat 
*nn i aim asftes'i care arcsi ars 


^lOO • ^110 ^m 


1 1 1 

__ • _ • _,_ 

sin 0 loo 'sin 0 llo ‘sin 0 tll 

1 1_1__ 

sin 5°‘23' ' sin 7°37' ’ sin !J°25' 


= 1: V2 : i (aT5) 


(6*30) 


*i«ot arsTwi asret: cwi are ca afr asreiffe 




fra 6*31 

CTSTTPRI fafe V66f9f^c^^ WlV 1 ?^ ^TW*fW 






W OTPT M* 221 

*<i^-c^TOT 3T5* toft a 33, ^sT^r (6'31a) to a*rto ABCD, 
OFGH (1,0,0) C^rm^^to f&j d 1QO = a 

5 * i (6*31/;) far m ct AFGD, BKLC affo 

(1,1,0) c^fT^T ^jto ^ d 110 = CN = CD sin 46° 

= a/ V2 5 * i (6‘31c) far «w AFH, JLO (1,1,1) 

c?in = OQ = aio*i *t?t i § 

*n**l afcdmo : d 11Q : c/ lxl = l : ^ i ^ 

sin torto KC1 c$*jt*t vacT^to *j**tpi* sigare 
to** (1,0,0), (1,1,0) qik (1,1,1) «jfa* *mn?T* 

5* ( 6*30 *r*ft***i a'far) i 4<r c*t* ^ «t*i *t* c* 
KCl C*^ 5 !* 4**-C*T* 5^ *TCC** ^Tffvs I 5?TC** 

*T5* SIFT'S *JN *l*it**W* TOWJ M* **1 *T* I 

^ *rafan c«ic* or*“n ©rr^F??r «r*to *i*sit^ 51 

a*sn*$ci5* ^*ra cm n m 1 differ grej*f$ 4* 

KCl or«i strtci *tfT*ffw TirsfH K + ^ Cl~ oinrc, 4*«n fafou 
mi ^5n as* to 1 <s$ *mi §?5i ^iT<3?n *m NaCl c**rc?r* afa 
^irtt* a*Hi «w 1 

NaCl c**m?r* cro (1,0,0) vast c*w atoacro bri a«isr 
2 FC* (n = 1) ; 5TT*TO a*TS $?1 * 110*1 *T* 0 = 6° C1K1 I *TCef| 
KCl c**itot* sra^T <§*ri **r*i *JTo?n m 

d 100 (NaCl) sin 5°23' 0 09382 - . ...- -, 
£? 100 (KCl) " sin 6 ° "010453 ’ 114 

§ (6-31c) fscra ®T^fai «w arsm *n?r 

PH , -OH* + OP , -o* + ^-^ 

p H J\° 

OQ OH a /2 

OP"PH“aV3/2“ V 3 

OQ-^-VfoP-^J^JL 


*n*ra 
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<b <aro *itor 


NaCl KC1 crora (1,1,0) ctof 

srfwfar® X-?rf*p ®ta®R ^t?t ®r^R cw to 

^(NaCl) _ -j . i -i 14 

<* 110 (KC1) “ i * 1114 
faf «a$ ^ c^nt^ (1,1,1 ) to?t cto *iT«?n to s 


^ni(NaCl) 

^in(KCl) 


= 2 : 1114 


3g®3R ^IBRT Am 5Ffff NaCl OTIOT* CTO 
■*fT'Q?Il to 


rj ’ H m ff — ~i • 

“’lOO • U llO ■ U 1 U A • 


1 2 
V2 : V3 


(6-31) 


(6 ‘31) cto* ctoh to car NaCl c^nTR (1,1,1) 
toto rf 111 = 2a/V3 KC1 

«win?raf CTO fos* *rto sir a/ V3 ^?r, ts^en TOra i 

i9^ wsnto sf^ giro fasrfcAr® ®rc;^ ^rr*in ^c?r i $t?i sic® 
KC1 *T1 NaCl otiot* BrTapfa fa^fac® <flPRl 

m, <ro >roto sr’to ^ 431 

to® tJiTW I 4*R M®^ *RS1T^ «OT fa?*?# X-sto 
®fc®1 tow 5jaiP5 Iwfa TOJR 3?5R TO ^SjT^mf®^, 
tfl^sn Wl I KCl CTOCT* CTO faCTO^ n^siT^tffR 
♦RTTOto *K*m (Z) aisfTS^i 19 w 17 £8 I carc^5 toFW 
^RRT^faT Stfaifa® «TTC^ (K + 48< Cl"), ^®3R «flPRI ^3 
siw& 5 rr *rcw, stfrc 18?& to tesw&r sitw i KCl 
ctoto ac®j^fi) ®fra?k <ro to tor ®t§®i spr® <rhr 
top# sr i 

sr*f?r>rc*p NaCl ctocto tow Na + w 

Cl~ ; 4$ *f?J5IT*ftto *R|5n*lto TO*JI TOTCFCT H 48S 17 ^ I 
*[®3R $HRH aiefT2FCSI 10f& 43< 1815 TO §C»PFfrT TO I 

TO Na + TOCTO ^RR cr ®n?R^to ^SI®1 C3*it 



4^-3^ 43* C*»1PT *!&T 
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53 I (6*32) to fafc?T 5rT*F?3-fa«rre 4§ 2f$T3 3IT3CR3 tePT 

tfWH JOT5 I (6*32a) f&3 MUP C?31 3T3 C3 arere (1, 0, 0) S5OT 
2TCFT3 ^T?Rt 3STTC 3*3JT3 3TC35 l affcFF (1, 1, 0) 

sscere ^ 3333 ^3^3 *rcan ?Rrc i ^ (1,1,1) c^zs 



(Q) (b) 


• SODIUM ATOMS 
O CHLORINE ATOMS 

fra 6'32 

NaCI c*mn?>r fcf&r v&r ?£ a^ra «mR (Na + Cl~) toictpw fra i 

STC’Sl SRI 3^3 | (6'32/?) fw C«i^ C'T^n 3T3 C3 C3H 4^f(> 

(1, 1, 1) C¥3Sf 43* a35ft33 31T3^ 3TC35 I *133^ 

*T3T33Fl (1, 1, 1) ^C°T ^ tf^TC33 ^T?H 3TC35 I 4§^TC3 $ 
aTRT SfT?H *[3*f3 (1,1, 1) *rfT3?FU3 ^tTSTR aiTC^ I 

(6*82 b) to ABC ^ C3*35l cr «ITC^ ; a3T$1 
>T51T®3T5T DEF £3*3*1 Na + SIT3T <3TC35 I C3S5$ Na + ^T3CT3 
?3CW WWS] CI“ 3TT3IR3 <£*RT3 3TCT3* 3*3, ^31 awte«TC3 ^C3 
fro arfa C3 Na + *mrc*|fl (1,1,1) otct C3R to*a 53 

Tl, C3*3*! Cl" ; SfT?R9j< (1, 1, 1) C<KC^ to*a 53 I 4$ 

^5*T*(?*[3 aT3 5 *f?335 *l33 2a/VS 53 I ^53T* NaCl £3**13713 
(1,1,1) w c«w afe*F*iffT3 a^nto £3 *tc c i 3 am *vtem 
a«R TO3 a3T5 aT>G31 3T3 I 

4$ W1IMI3 Na + $1133 «W f3WW3 35T3]\51 *[**$ fcFWl 
3531 5C3C5 I af^SaW CW ?3*f af33T3 f3C*F*f 

53 I C3C5^ atf5J3* Na + siBFPtf (1» 1> 1) ^ *13*13 ^ Cl" 










* cw uiR 


(1,1,1) wnr Bv mwifv ^wrf g vo m&, && Na + 
^ser^k otf a*w sot afo^Brs ?rhr «w fiwftra Cl" 
«rrasnj( ^ caw af^pfa^ ?i?*p src*fi V2 ataq a«r-3PT**H 
aTW i ^ siWI ^l?v5^RT (Destructive Inter¬ 
ference) i 2Msi 2SFcsr?r ^tosi toi^ ^ ^ i 



fra 6-33 

NaCl PPITFRl faf'BJT C^sTW < 5 ®t C«Ifrf Sff^Ffa'o X-sNft’fTCl 3TT*T 
^M^Ta 5 ? *K?ff ^■'UT 3TT?R^ CW=R <m?5ff I 

T^hr zfot (n = 2) «rcaj Na + ^ Cl" c«P 

afo*pf*F 5 3 ?*I [3 5 JC*JJ q^sjirl^ sjjfo&H *ti> 1 W&\ 

^hrsi c^*ft ^ ( 6‘33 fra s'foi) i 

KC1 w NaCl ctoot (1,1,1) ^ care aia ^»na 
$aC?THF frlW Care C<T3H aTS C^IPT Sjffa fo 4TO C^TC^sT 
BfTCFfa ^ aTO aSTOfa^ '5TT?R a^TaarCa *IT®rH aire I 

qfa >f*> 9 j*f (3rfrc KCl ai NaCl ^) arerewfa fa*fre 

>5Rf»5^ CfT^ r 'o 'OTOT ^aCsTR? faaaj aSaTS CTO TO«I «[T^\o *n I 5$ 

»to re*nc*ra§; ( 1 , l, 1 ) ®«ro: *ra reTO ^ care aia aia&r 
^*F*n SaR I 

6*16: CTOfT ^ ft«faRT W fafe* vfffas-j *faf% 

(*) 9iT'GC?r a^rf® s (612) v^voc ?f rero ^ 

‘McSS SRJ ‘sfl'GCS a^ifvo ^TC^TSRl TO 3CSC5 I && a^fore 
faaafa§£r ai civ fafaaa ajasia to sa i aatwfa reroft am 
0*5 Wa *fH arc; ©pas 4TO rero (Single Crystal) STO 



w <&*ipr ^ fctfa 
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aC5T®R I *f5fa»T5 5T51 aT1£ STT'QC?! ??^n ^TT«fT?T«r®S *(5 

»s?fi>^T 55 i *k«t ca^rpra fctfraa aw ca“T a^f^r 5a i (Tr^n 
4?t ^Rifvo C4qlC>l5 9f&T fsT«fer^ a*TW fapaa a]5^5 5?f Jfl I 

(*t) aim s (612) ^w*? ‘arm *4r*fciTW 
(Bragg Ionization Spectrometer) *wrf®5* sjTC®lT5*fl asai 
5C5E5 I vum^vi ®Tsil ( Z = 29), sifoareRsi (Z = 42)a^ 
«rsm® csita* t^s^vs K-aH aia5T5 a*5i 55 i aim *rete® 

X-aW aia5T5 aai 55 mi «u5^t w<i afsqfar® ahra 
siPfl 55 I OTPlto *fasiTCT ^faca 

^RFSR a^?$ ^ftasjTC 6 ! C5T5H 55 45* OTTCT5 aG5Ja* Sia^TIH 
^5fT5^ 2f5T5 5^1 55 I «fl$ ®TC5 ^2Tol *ffa5T*f 

5*51 5T5 I 2m a^a^fcf *pP5*lf( C^I5 *[&T WC55 aW 
<ift 5TT5TC5F 55 ( *1* f 5^51 ) I ^ 

♦Wif® C5«I 3FT5T55Taj 45* 5TTGRI *f3i?®a 5® ^[TO« ^saa Ca*lT5 
5H5T5 a5T5 2TC5T$R I ifl^ra aTat*! a&lTPT «T3i?®G Ca^IPf 

t^C55 arcs? f<E*t5 51530® 55 ^ I aj5*]fT X-af*ffa fatfcaa 

aRJ »£& *T?if® faC*i5 $*TC5T*ft I 

(M) §4 caw*T aaf® s 7f*^ <aaa caqrn (Single 

Crystal) asp aai ca*i *r? i ca*fta ®m c*®nfa® «r®w 
^5 ^5 Ca^TCTa 5fsfa> ?55T:< aTGai 5T5 I v£^<fr*f ajfo f 5 C^°TT5 
5R5T5 aca C^gTT^T S&5 MC55 f®5T^ 45< C*f5T5 (Debye 
and Scherrer) ^a ^ ^ fawHt 45* p*5«TC^ 5T^t (Hull) 
*JTSRF anwfaaH f^TWpft WI §4 Ca=TR *(5if® &£®T?5® 

5*155 I 4§: i£J^^ X-5H C5T^ 5WJ 

5T51 5jj8f CW5 $tf5 ^^5 ^51 55 I ^5 5C5I 

WF"5I^ ^HT5^^T 5^®TC5 (At random) 

SITFF I ¥C5T Jf5 7F5C5^ ^5 5WI C^^T5 5TF5 C5 

Wt 5 55P5 C«fC^ gm^ 3T5ta s 5 s 1 ^^5T5l af®5^:T 

5C 5 ® aTW i 551 5T^ C5 0 CWl (Glancing Angle) 
«a^5in at^pffR 5CT> I 5^5 5TTC^C^ af^pfel® 

20 casT«t W*!^ >5^ *1^5 (Cone) w®^f5 ^^5 

1—15 
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*ET 5 IT«[ « CTO* 

tocs (6‘34 far g'&ri) i faW c^^pt ^?T5jB5 cto faf®?T 

1HM afow UW TO il|?F*l ^ *fT<3?Jl TO I $ITTO fafeS' 

c$to ®R] <jsrc* *[«rc* *Rf ss i 

a?*H<r PFicfcrenfa* cstfre ct«(TPT 

C 5 *r 3 *C 3 < 7 f|*R 5 5 iw il?f& ^ 5 T*f tw f*p < 3 T^n 

S$ I ill ?TTOfTO ^5T*r9f ffRT <fJPtT*f *t?asrr*r TO 31TO CTO 
0 TOS1 TO itf< CTO C^eTT^T TOTO d TO S3 \ 
TORW®* C¥TCl>T 5 fT?^ Clftfo *lfiRC 6 C 3 TO 3 ®fRTC 3 T W? 

OFTcfrranfa 5 ? faspr toto to ss i tot <?r to?®® ?rf*p to 

DEBYE SCHERRER 




T^ll-CWH ’Rifssc'® 5^*1* C^®il*l ^TRH X-uf*^ 
?FT$^ to*IWPW W 1 I 


20 > 90° ss, ipr^faR toi csw^fae faspra fc*rcr *itto 
to i (6*35) faa ia*ft fo^Tl-c^rro stcto tas fa*r*fr cwr 
SCTO I fra CTO* <?f*n TO CT faspre CTO^t CTO *Ho 













4f*r-3?*n ifw cwfm 


227 


<i$M3 to 3T«3i m$, c^^fenr 3 zfui w w 3iw i ?tto 
3*TC 20 = 90° 53, WT ^*13 C33T*[fcT 7T3cTC3*n $Z$ 3T3 I 3*FT 
20 > 90° 53, C33T*(faT3 W$] 53, TO'I WT ^*W 

53 I 

*s>**[fa ?<c*f3 33H3 *T3*r *[&r c^*itc 33 9[^r faster ®rt 
*f3i% (Powder Crystal Method) tore §*TC3T*it, 
331 3T^ 31 3*3*3 3T$3 (Alloy) C353TC33 CTO I <fl?[fa3 TOf's 
35^3^3 C^«TR a$\5 3*31 3T3 $PTS3 I 3$3TCT 3t3*fi C3f*I3 

cw$ fasi TOT^ ‘«iT3&T «rrc*fT3%a’ (Rotation Photo¬ 
graph) *Rifo 3J35T3 3*C3 C^^TT>f *1&T Ms *F31 53 • 

(3) 3JT363 SJTC^f&S S 

v£J^ *I3 iT\s£'s v£l^ fsjtailWuN ^£33*1 *pEF©3 3T5 
C<^<rj|^C^F C^H C**IT3-3ra £3^3 ^£3 ^TR^D'O ^31 53 I 
C3«lHl^t\s Wicfonto f^F^f C3 gTRS£^ C3^j 3 3£3 3[Tfrp5 ^31 53 
( 6‘36 ?RT 5^31 ) I C3*I£33 3RF 43* CTOIOT3 $fT36=T «r* 

5-Q31 QC3TSM I 4^ '5fT3\s*T ^£^>3 ^lf’5«lC3 4^33*1 X-3f*ff '5fT*f?'$\5 



X-3f*3 3J3$*3 3RJ «CM^3 *lTC*lTCf55 I 


3*31 53 I CWite *ft3*lfeo SCTSfo^i 33C5T 4£¥3 “33 Gift t3to 
<3F5TT3 ^91^5 aiT5 33^3*1 3J*[3T?ft 3IT*fto X-3f*ff’[6§£* atoto 
3>3T3 SRI SOTSRfa ^3*5TW ^TTCT I TOI affSJS* Wiy* C3£* W 
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srj ato?«iv5 ?rf»cr cwihsnto tows &*ri ^ i 

3RRT3 ^TRto SRI $ITOR togSRr $*R[ 
sstoi to ^n?r ^ i fafepr ^ cto atosto ato sri 
fasten fato ^tr ^s» to ^*i?t i 

to^l ^*TO ‘«u^fT snsroW (Rotation Photo¬ 
graph) im ^?r i (Vertical) $ir6?t ^tstts^tcct *>Rto 
C^TR CTO (Horizontal) sf\a*F*R *Kq?fts 

JR i SpC^T l^ 9 !^ f^pis^ bp®it>l?l I^TC?! 

f$T$r<T fa<T^ c<Rl (Equatorial Line) ^?fR3 <TO i 

sri^rr to® TSiSirfm cto atoTOre ^ to’R.s 

rto torto fato s^ttot c<rci wm «rato 

m$ i *rato ^r* 9 ^ jrr to to*ife to ?r^cct 

^rto $ c<tct?[?<to sr^to ^nisrcsr^n tora cw^i m \ 

^RRvol *p\ 3ftor SUPTRsfra *TsFto RRfaq *IT*R =F?n 
5?T I TO¥ 5RS C^sTT^to 360° C^TFl mm «ITCto R TO 
jftto c^l? 6 !^ >ftsrr?r siwi *riT^j ^<n 55 1 

to fato ^bi*(6§ cto stoto ?rT-ir f* to^to 

«WJT*F5PR (Overlapping) ^NR m s$ 1 

®$CTFTCT*f (Weissenberg) RW toR*t $$ TO<3 

&F5 tor i c^<m*ito 180° c^ito *fto sum 

$m?*TTto <j><n 5 $ 1 5kpt JKcn ftpspr tos c*®RTffo ^irwsito'G 
CTO c^smPRT sito&t ^ito 3=fTO ^rsrsrcw (Synchronously) 
^iRWS ^\ faSiPR frrC^ 9 $Tp3'»TR 9|f®*it5T *F<T1 ^?f I Sff^^pciCH^ 

5R] tojCSf^ &TO f *P to^to CTO ato®R 

CTO, sfo*F5Rs C^sTR ^E«13 SHff'S S'lto ^s^TI 9 fT'G?n 

m i c^rr fir^fer?! «pTCSf 4 $ *refe tow 1 

6*17: X-^lfto «rt%W*l 

. X-?rT*£r m ^^r, ^sn 2 ^ fTOsjto »ift <rf*p 

firato ^m c^^i ^c?r 1 to?i C5^i sr U i 
^ 15.^^ 3TO c^^ (Stenstorm) RTspp torit «TO TOR CT aiT^ 
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totwj fatf® X-<tf*tR ^Rwfctfj fafos ztcsr (Order) 
gt^pfcTS a?*IR CTO afaTOI aT<3?n TO I fiafa 5J»[TO 
^C?R C*T *5^ aT^fc^R ^13*1 5OTs> a^fN^R ®FT3 TO5^5 C^ITCTO 5IC0 
aw*RTC<a X-afar (Refracted) i ^ aforoFR srj 

§na TOfoirc a^aro ^<n ottor 1 


astro toi c*rai to ct X-sWs cto a^r <^<* afo*ra*i 

9j«iT^ (Refractive Index) (i < 1 ; Mrc *p tor c«iR 

cto tokr am tos aro X-a?*ir stfssnr cac 5 ? *qr ®ra^ 
53, w afoass cto 0' cto 0 sita^i 

f5^3 33 (0' < 0) I 9TOR *itOTTCTR CTO |i > 1 3$ I 
(Tj^sfin i£i^^a sncanaR cro Erf faa#s ss Mrc 0' > 0 
i X-sf-n* totc^ ^toh siTRiTm ^ca^i to*f 

caWt ss, i*m ia|; tor* arosfs srcai §c*r&?r *a*R toircr 

( ^5pS 3fR^ ^®aT“PIR ) fSTTO'G TO* CS*it i sfo*ra«1 
^TOt V **aT\* '5f(WTC^ SRI c^r ss^s at'saS*! 

*p[R* (X ?iRM«T5 asffaR*! TO! 5TT S 



(6‘32) 


<£$ Mfaswc* ca=RTTO (Scllmier) Ml*s*t ^n 3R i 4TO 
<? W m %m 3SITCFW ^C®wteR TOR ^ ; «< ^ 4** 
to^r v< **arc* a^as $w*fiws *rcan i X-<rf*tR 

cro v > > v, 5 * i sjvsarc ^cto (i < 1 ^ i v a asairffa 
<3prro v 4 * ^ca^i aT>Q?n to 


n a = l 

*l$SR 


-£i.y^ = i 

7 rw^v 2 


7TWV 1 


1 _7/e a r 

•*■ .2 


nmc 


ne 2 V 
2tt mc s 


jx=l 


(633) 

(634) 


»aaTR n ^ afo 4** *irai\sw i (6*34) 

Mtasw awn* to to O '7 to ^ssffrf^i a'asr X-*W* 

SRI ^ITeRT^ C^STOT?T CTO aTOSl TO 


jx = l —l'84xl0" a 
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sptfre m sicwi 'ft *m atore 

53 i ^o?it^ X-?tfaR cro fator ^to a'ritffa afowi «j*itw 
w 3Tp aT^ra*! *jto* 3 ™ artfoi ^ i ^cto 


i 



far 6'37 

X- 3 ?*sra afa^nrc *flfom«ra brj i 

^to a^frofa afoasq 9(«fK^ a?<rcra *31 re*r ^to i afa s 3R 
(M. Siegbahn) W sROTfbw *5pto (Quartz) fato 
fa^wsr btstwj X-3?*p af^^®i ®rto fapfvs fatfs *&A 
i 'otc^r aabm ( 6'37 fee g'foi) asireto 

X-^?*g ^to taf.sr ^c*i3 ^a<r ^ g*a*iR ^a^freTre 
(Grazing Angle) snafa^ ^3R 53 i snreiT^faaRT aT5Trei 
$t?ji afa^ 3 ?*ir T^pt® a*rf*fo ^z^ astf 5 ^ \ && a'afas 5T3i 
^sitr ato to X-s?*p sssfMj fa^aq ^<n 53 i 

6*i8: c3*rttfro ^rtettar x-sftrc ^wfrraj fro*w 

C3C5$ X-stf*ff3 CTO 3RWI 3f 3 afoa<R jLl < 1 53, 

^<£i^ 3fl[ reirep c^tr ^to sjrarcsT area ^3T3 aaa -X-3?*p *# 
af\s*F=R (Total Reflection) 5ffa TO 1 'f'TMa ^TCTO3 
cro 43 to faaste 53 , 3to mw cw ?rraT?r 
aaa fam *itc<TO 3 *$ ato®R 53 1 aft X-3f*p «$ 
afo*F«lR3 ®?3J ‘a^S rearea* (Critical Glancing 

Angle) sir j^r 0 O , ^T^rer (x = cos 0 C csni 3T3 i aft sna^a 
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0 < 0 C 5$, afo*r<rc«ra afa 5 ^ *$ atw»w 
i <?ns?f 0 O ^5 wn, snsi?n ?®iacs arfa 

fi = cos 0 c = l-0 c 2 /2 
3isfl***i (6*34) w?n 

0. = V20^|T) = \/--,' (6’35) 

0'7 *nrc X-aHs sri c^tot §ara a*ra p «a?r sir 

«w ^TT s Q?n m 0 C =O'1° ( am) i ^*afa (A. H. Compton) 
wr sMsfe X-?tf*n ^hm c«cfa frfam 

*# afosRH ^ ^ i c^st®! 0o afasiTa tot 
(6'35) spftwi «W X-<?T»t[<I SRI to* |l Ufa TOR l 
^*afrr C*MR CT afafa^ C^T 6 ! 0 C SRPFfrrCfa W CTOIOT* 
VRW3 TRT^aTfts^ I <£& vs^IJ^feT (6'35) spItTOPRl *OT 

Wife*# I 

ara ^*afcr w ^t?t *t5ctt*iVi*i qre* §a?r caarcfw 
^c<i i£j^§ i ^ata srcfo'o 

aTaTaifa ^ caara swi^f ^R^fer *ra$sr c^ 5 (Diffraction 
Centre) ^T®? tom 3*a sir »pfCTTCT (0 < 0 C ) 

as asroa 5Rraf?r® X-<iH^ ^nafe® ^<k«t afo*RR sa i 



cswfTO ^*T#?ra arcmi X-3 ?**ri vs^fc'fsfi f^a*! i 

afsspfcr® afa^fai ipiRR aj^sr af*n (Diffraction 

Pattern) ^asr to \ sfa ‘«n*RR W* cm* ?c?r 0, ‘afo*F»R 
CTOP 3$ (0 + a) tiro 3rafa-aia*fH (Grating Space) 
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« C*W 


d , (6*38) faff c^ c 1 ^ *mi ct asas ^ cto cw 

TOfcflff ?rf*5ff STff^T a*f TO*IH % 

AB - CD = d [cos 0 - cos(0 + a)} = nX (6*36) 

4*itr n rotIS *jfn smi <Rrw tow wn sue 
1 UCff I tofa-TOlH d OT fafeT ®TR Sflai *Tfl I 
sfo c^Sfsnto 500 cto wit #vfa to i 
a^fore Mfe X-<tf*p v5?w&f^T srjhj afro^a* wn ot wi 
facsi i 

6*19 : ®?3J auN *RS*tt«CR 

SIR TO *IT<F R ^ a^a?* i£)TOff RsnTOR X-afag^ 

CTOtaff §afa^C»T 0 CTOFI ! CTOOT 

siwi aero tos as af'S^ram ®rj srcaf^ <j?*p totMi 



faff 6-39 

'Sj'oJ'vSC^ X-fff*s( Sft'O^SR I 

afsraf'&s ot H 3$, w aT«a*«i cto 0' ^ i wfo: ctotrs 
TOJ3R C^S’fPT &a<T W afo*F*R CTO^ff SIR'S 0' 5$ 

( 6'39 faff Epfal ) I |1 afaw ffflTCF, ^C^T 

ii - A, cos 0 
^ V~cos 0' 

c^gttcr^ totoi apro ffira Rsftrorc* c«t* n ^iT?r 
»V=2d sin 0' 

CTBF? sin 0'= Vl-cos 2 0 7 = Vl-cos 2 0/|i 2 
_ V|i a — cos g 0 
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W^/ = — V|i, 2 — COS 2 0 

M 1 

^KH CTGF? X' = Xfc 5$, 

n\ = U V|i a - cos a 0=2d sin 0 [l - (6 37) 

CUZZy 1 - fl 2 << 1, faatfs atfa 

1 — p - 2 = (1 — [*)(1 + | a )« 2(1 - p -) 

*\\k 

nX = %d sin 0 l"l - ^ -K 3 - n *| 

L 2 sm 0J 

= 2d sin 0 [l — gl (6'38) 

vpfcm (6’37) ai (6'38) w*. awnfos aim asftaaa i 
a^araa afom Wa to 8 = (1 - (i) 4a siiwa §aa \ cat^ 
8 s^a (6*38) asfaawa srawnfa^ aim 

asffaaa era* ar® sin 2 0 sir aaR aia s 

sin 3 ft~n 2 X 2 /4d 2 

f®arc afaeata ait 

nX-^d sin 0 (6'39) 

a# C5T& 3a ; ^TC®?t ^5 TOa ^H^iRa 

era spraaifos ana aafoaa aia^ra a^ai caes arca i 





7'1: sjprf 

m cto C5 ten, TOfa kw 

a^f® a?fai cto «iroTO?r sterroia a^Tf*r® 551 

5J?®5T5 (Interference), 5J5&T (Diffraction) af¥® asfal 
cto $toto 5 ^srcsn'Q am am 1 stfrc ^tc^tot fo® a®i 
(Dual Nature) sro 1 facTOf5 ®^§ cto snsrai toto 

#ran 51 extern ®5t5a aft s 

P=—=% (71) 

c K 

45TR h 505 aiT\^ 8H^ W l 505 'STTC^TC^^ ®53Ft f F , fa 1 
asft^ei (7’1) 5T51 $ITC°TO5 25® TOT5 TO <fl#l aTfatef *F# 
t=T*flt?ra 55 1 TO*I ®5C5?r p 505 5?!®* tf*W15 *[®t5 , 

to ®5spt { ?^ X 505 ®5C5?5 srcan i 

*ft te® was ¥«n ?tori to aan® wat faaFft 

5ft *fl 55 (Louis de Broglie) TO*T C5 4§?&a ta® *i$1 

*$ TO*TO5 TO 55J #ITO CTO'S TOC® aTC5 l ^fl5 5f 
WT<3 ?FW ®5C3F5 TO5 TO5 6 ! ^5C® aTC5 I ^58 
?TO $T5 *ift 5®TO a#a® 55 I ifft Sf®5Ttf ^TC5 (71) TOfoTOT 

*IT5TC5J 5SJ CTO^ ®TCTO fo® 3R3T5 TOTO atf«I?®^ a*a$ 

fa*ft?5® 55 I «r^I5 5fr 5S ^? c f^T5 ®53F5ia TO5 SIR 5*51 5T5, 
®T5RT 45 ®5*t«tfj X 45* ®5C5*T p 45 TO feta® 5C5 
(71) asfta5R5 *fT5TC5J I 53J 5^5555 CTO 4$ TOteN CTO 
ai'351 5T5 

i=~. =— 

p mv 

45TR m 5C55 ^5#^ ®5 45* V 505 tfl?T C5*T I 


(7-2) 
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tfi m ^T?r srcsito to*t wt ^ 3>faTO vs^sp 

^f?TO?r CTO ^?ft^P[5T^ 2fSJT«l R I *l&^q m& OSfe^R 
»*m ffTtfm (Davisson and Germer) to sjtcsit<ito faTOfas 
rtzm fesretera *raHra to sreto tor i am 

^ 5RC5 ( WV 5itot ) &»rce 6 sitr (G. P. Thomson) 
?TT5I?F Twsft« W5 feewifcra ®<T5p ?TTO $l?3* aaHl TO 

SRTfcf® TOT*? I 

7'2 : £®f«TO iW *tftol 

C®f®*R ^MT<I f»TC^®I C<*ft^ ^C^I^lt'T Tqc*fr*f 

(Scattering) *rafol ^s?j^ to <5iw 

femora *rsm an i tos a<ftTO to®i 

(Scatterer) *p to 3T*[ 5TC*f <TT*n «UTOR TO ^rato 
to i *mHi sqfara ^s?rr?r *jsica cro toc*i totbri to 
aw*r tot ^ra i srcato *rc*iTtf® fro*r?fo 

^a^«T^T sr^toroi »ra*i fatara tot to^r-s^pito atos 
3?f i topa^ froc^ra §*rt cto sjtisfr 

(Coating) tofe'® 3>?CT?T $RT ^T?I1 ^ ^95 ^^51 ^F^W 

gstas (Oven) c?fW &58 «nCTO I *fW TOl TO 4^»TO 

•4^ CTOPRT (Single Crystals) srWt® ifiaTsto TO TO \ 

?TO*tft> «£&$TW SFi'TOto 5><3TO ^ fato ?TO fato 
tewtew ar^m toto tot vsrai to tor c*r cto 

^TnC^T ?<to &TOfem WJ1 to*to®ICT (Continuously) 
TO vfia I f<^ toWRF SiTOto ?TO*r C^TO CTO fato 
*rc$m TO^^toT f^to to ^sj ss, ^itto to 
“fcrto Tto ^i^sf i «r«frc ^FP&i^fer c*r toro ctoir cto 
TOto (Diffracted) TO *TO i 

c®fa»*R »£R< 9ir^m *ro <£i^fi> to^c^m c^*ipp ^c?i 
tor i tos a#^i affvs (7T) to siwto tok i 
K *fFo^ ?n?p c^^f '®Tat?r 
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’m faM Wsrs A uncross toi m to?r 

'5T 9 f?lfrfC^ ^[$5 f$.*ll(.^ ?»T^f'5 ^?l l vfl^ *J?H5T?r S^M^aM 

fasTOTO smi ^TT?r ‘fesWEfa-^TTO’ (Electron Gun) 1 ^ 



c®? 5 ®^ « ^rm% tc»resfa 

^riHi ^n^f’^i 1 

snTCTTORT TOTO ZStm (V) ^?<T5im TO ‘^C^fo-TOR’’ 
CTO fa^o $C9Wtera (cV) ®rHl TO I 
S ?TO»T C^TO?fo ^ I ?TO fafw 

$Fwfo*(CTO <©tensi C toto-^sitto* fafa to to i 

*KST5*ft vflSR «ICT a^vo CT CTO»T ®fT*f?®\s ^tswtor 
5T"W 0*5v5*[ fafag 4<T TO TO*T TOre *TO l 

SITafas $OT*tal ^NTC^ CTOPRT CTO 

^sr *fc? ?psrej- ^stscto to ore*r tos *to sn r 

TOUTO* *TCPT *K*[SF »a^ ^fft (Sensitive) W^ITCTTfaitor 
TOTCTI fafoa ^CFWEhT sfa® aro ^WT 9 ! TO TO I **1^5* 
2TCTC53 TOI fafas *K*TO I C SRSEBTO 

TO5H to f^fesr Tto fafos Icroto TO1 faSt^R 

TO TO I 

OSfejR <W ^fTteRI ’Rltro *TTOf?Ta &TCS51- 

CTO*T ^sCTO &*RT TO^TW TO 5* I af>TO TO 

TO CTO»lf&tfF ^T?IW fat®** f*f9ITOT (Azimuth) ^f^fa TO TO l 

<5^ Wp^ faron ■sTfrr© c^m cto fata* Tto Wto 



*P<TC«fa OTRR*l 
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3RTOT SRhl cawfoora (Polar Graph) *jtstwj 

(7’2) f&E5 0WT*T I f&C5 (Radius^ Vector) 

fttfj f^fcFSf WITS *JSlT*[aTto i ^ 


I 


40v 
(a) 

fra 7'2 

c^f^yR « TtTsh? srre sn^hr c*rc?ra i <£& fees 
frfsft Nfog ^CeT^OT 3WR;*fTf^ I IJPf 

*ro*fe CW 5:55 fac*JF*l C^T*t I 

c^t«i to**f 1 2 f«rsr ( 7 "2a fro ) areai 

m to w «rc«a Tto ap»*r 40 c^ 3T*n s?r 1 

4CTO va 5 ^ "ini-swwt^ sf^«i (Smooth) cspffeff *n<3?n 
TOM F W A v£)3 SOI Uvu aC5W* SR] aT$ 

c*r*fozi9(fa (7*2) fseff a<ra c*f<iR 1 44 c^6 fas* at®pr 
c^i^ta isi^& cstf to (Spur) snfoem si, am 60° csict i 
toi ac®r I'© it®h in, ^3 «hpf w ci 

c*tct »iwri5?r snfatfm si, c*$ c^tfii ih^ afimto si 1 
54 c«P$ fasi apspr “nuft *fW$5r 5 $ 41 s aicra c^tfii sir si 
50° ( l' 2 d fro s<dn ) 1 sim* f<®i ac®w “inffo 
'5iwm ^5^\s snw ism$ 68 c«t^ ^ica^n (&^si fi 5 ©! 

acOT *fT*rr1$i c<fh fe m& n 1 

(7’2d) fees srcto 54 c^ faro aero 50° cw«i 4|na 
ag^fa "from «nWm to^r cire Icsr^fti ift^i ifri 
toll 1 to«! (M^<i toi^rt ton^ml 

*K^rpm *rc*T C*rfi> ui&Hfatfll .(Diffraction Grating) 



(b> (cj (d) (e) (f) fa) 
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*RTCT«l « 


srs i X-sHsr ^t^tchi f^sr cwcro vfci fa4& ^ar 

^C5C5 i vsa ^a^-c^ic^a '5fT^?'© 'sst-c^T'W vMwa (Face 
Centred Cube) sre i c©fo*rc ffTSfaaa *fabpr?f isifc srctrt 
^C*ta SlfoetOI fan® C^cH^iTl^C^ Ta’iM ^<11 (7*3 t55 

h^i ) i ia§ vim feswsfasps sjmtvs^ ^ ^ i 


0 0 

C«o 0 »!h45“-^| 

(a) 

P 0 d P 


R 

d • a sin 60 * 

(b) (c) 

fra 73 

(a) \»e1c<T>?'B4> f'K^f C^STIC^Rf ; (b) C^^tlC^id 

cra®OT9 to *RWT e n; , snfaa fsRim ; (c) 
oti ww farec^ra fras;*i i 

WTffe 4^-c^TW3 aT^faa &rti a 0 -S’5 1 $HR i (7'3) 

Tbfl C^fC^F 3^®^ C^TCH m Ca (3 s snlc^a Td^fffro C^f-^Col^ ^‘ 9 fti?J 

ip* ^ 

a= VW 

«T^58 if£ VS^T *fastf«[?(fa PQR 3WC$T e it fffSfW* (X C^H »£l^ 
m$ m *w?f i $$ aawa »Rwi«pr *nfa 
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(«r«n PQ, P'Q', ) C33 3353 3i3t3-4r3rf33 tmr 

srcfa® C33T?[?33 33^1 i i$| 3T?3^33 m3 5 *rf3^ *pra 5155 

( 7 3 ‘m 5=^1) 

d = a sin 60° = -^*^- = \/l 0 ° ==2 ' 15 m* (7*3) 

i£|| ^5^ &33 <3WTC3 333 0 C3TC«t fafotf 

53, ^*13 *13*13 3Tf3 WC? 3W3 3C3J333 *13 3I33T3 

a5 = d sin 0 53 I 3lfo5TC33 ?333F33T3*t ?3fa$ 3?*ir*{?33 TO 
3jfts5T3 (Constructive Interference) 3$3T3 “it 

d sin Q = nX (7*4) 


4*ITR n = 1, 2, 3,.... |®lfa i A, 5tf$ «lT*lf®^ Iff33^3*lfa3 
31 33 ^39F&rfc, 3T3 3T3 (7*2) 33fo3C e I3'3T5TC3J M3 *31 313 I 


t*ra c?m cto C3 c$fo33 vsw sirfrara *i3Vi cto 54 c&\$ 
t3^3 2HTO3 (TO *1T<331 313 0 = 50° ; *>F543 331*3*1 (7*4) CTO 
zm ffC33 \n = 1) CTO '5JT331 m| 

h = d sin 50°=2*15x0*7760 = 1*65 *nr< 


3JT3T3 (7*2) 331*3*1 CTO *11031 313 

^_Ji_ h _ h 

mv *J%nE ^2meV 


(7*5) 


(7*5) 33t*3C*l fafos 3^3 3T3 33TC3 |C3*§C33 CTO *1T031 3T3 


, , 6*62 x 10" 27 

A V(2 X9*l XlO -88 x 4*8 x 10“ 10 X F/300) 

= Vl50/F = ^p^ ^ 


4«ITC3 Fn£33 4** C^ 331 5C3C5 I 333 V = 54 C*I*& 53, ^533 
*3331 ml 



12*26 

V54 


= 1*67 WK 
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*rasn<3 « cro? s&t ator 

c©?tot v£i^ 5 ^ to^t aaHi to fa'flfe sttc^rt mm 
m m spfrrat fa«i1® TO^tora to ot otw toi 

TO I 4<T CTO* *fl 3C?T3 a*TT<^5^ 5f*ato Sfvo^TC^ ^TOl amto 
^ i 

7*3: Qsfcvw 4m fofto *tffa1 

frro *rfe to tostc to cstor arft?r ^ aTO 
*Rfol TO^T I 4 $ asftTO 3MTO*T fewta*!** (355TPT OTRI $*RT 
fstfTOCT s>nato to 5 ?r i£w C ^sr *$T?a^ to 

5?r C*T ^ITO SRaiR af\D*FTO CTO ?TTO 53f l 

ac^'f afsrc&T <fc<t srrato ^cer^ter^ a?<rcto to ^ w 
to (0 = sr*p) atoto aTO Wre 
) atoa to ^ i sstoi (/) »w acTO^f 3*%<?i<t 
( Vp) c^B5 (7'4) to cwt %cm \ sfsrtwi (7*5) s^TOt 
^ « 1/ VP ss; ^r( 7'4) c^afca ^apss ^r3ft«f^i afrofcra 
atoto ssterei a?<re6;r toa to i «£& Trt wct 

tfT*n to c*r F-43 5 |tpt ^hrro §*as s?r i 



fw 7*4 

?*rf? <6 i> otct fafag fciraiswjwi ^7s®i aw fa® 5 * arepRf 
^i\'casi caafaff i 

7R feawflOT *fj SRT Vs'?W& 1 f$J (7’5) spflTOCT* TOOT 

Ufa TO TO l 



■'TCTCsfa 5*SR|i*r 
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45TC5 C5 SjTO ; 5n^T?5^ af\5aC4 C45TTC55 

faW cto* 55 , ?&4 c5sr 55 airo-a^re 
X-5?*I15 3^4*15 41 4I4 sd 5 I 5fr «ifosTC$5 5TCaP4 ^ITa^5 41 
af <34515 c4T«i 0 55 , ^T5tf5 ana 55^454 (6’26) sispmft aT'Qsi 5T5 

2 D cos Q = nX ( 7 ’ 6 ) 

71 = 1, 2 , 3,... ^oufaf \ D 5X^ C4*iTC55 ^J3C5 

«®i*[Q53 ar5*a?54 t?TT i 4^38 (7‘4) ?rm 
are? C4t4 ^c<54sfc55 *fi 55 <359tefar C5 sus^r ami 5T5 prefer 
(7'6) 5^45*1 C4C4 aT$ \S?iaftefC^I?r 5^^151 TO *tl TO5 SF34TW5 
5^131 5T5T§ 451 5T5 1 C5C5$ D 44S 0 *F44, 3T344 (7'6) 

5sft45C45 ©r fac4 nX ^44*# SF54 5?i i (7 *4) fas 

?5?«U f4TO ( <5T«fa ?4?^ ^55f^C^J ) ^a?T ^5T^5 5^55 

mm n U'im 55 i $9*1534 W'*i wra ggrf& ^r?tf X x 

SRI n x TO5 5®1 55, ^T5C<4 faoWfc X 2 ^55pfcfffffo5 ®?51 4I5J C4R 

SR n 2 -43 $S] 5C4 i (7‘4) 55^454 ^5T5*t n 1 X x = n a X a 5C^ 

5E4 I 

7’4: fewjhW^* «tfew1 

44TG4 §CSI4C3T4I C5 CvSfe55 <33° 4lta3 a5>4TC^ 
^4§5*p§3 afo534 f4E4551 431 aC5T5R 1 ^aC33 RTS5T55T5 

a?<s534 ^Ca^H 431 5C3C5 I TOf (7 ’4) 414^5 5*^434 R441 (7'6) 
3JT4 55t43t43 5T5TC5I ?54l^ §C*J4§5 \5fflWl (X) 44* *fl 55 
5sft434 (7*5) CTO* afoa?T ^3Sffcltfj3 TO! 54 555 ^ 5*5fo 
aT'351 5T5 51 I ^*1534^33 f^TC4?«4 C4^TC53 ^a3 fe44 C^TCa 

RTaf^a 83 ^-c«i a?^ 5*a?T $ot4&5*iw§3 cto 4tf^5 5^1 
(Diffraction Peak) ami 5T5 555 RTaf^s « afts4?eT3 
^54§5^3 C4T4 55° 55 I ^33K 3JT4 5^434 (7‘6) C4C4 

aT'G51 5T5 ( D = 2*03 RJT* ) 

1 4 06 cos (90° - 55°) 3 33 _ 

n n 


1—16 



242 aaaT^ « ca* 5 a afa&S 

*rataa«i (7'5) caca 83 S-c®i fesrcta* *fi as ^asft 1 ^ X = 1’34 
sa i ?a^ §*rca giro Jratasw n = 1, 2, 3 sp f te fafesr *#- 
*rwn awr caRfftfft «a| sir *it«si sts ri i 

arawfc* aia«i 5w? Swato^CTsa afoaa*! i 

sncentaa ^as? cata am ^rca ca s«r ^wua ^asr «aa 
stt^r caia Tartar ara ^aft swict ata*r aca ^*h sncsna- 
aHa faa *t?aaftss sa i afoaataa sp a-pnca (sin i /sin r) 
asjareffi ^aa ^a I <*& SFaata afsaaTCa (Refractive Index) 
a®n sa i ^asF ^ caca *n<3ai aia ca afr msi ^ footer stow 
awcaa ca*t aaiaw w ^ 3 sa, nstsot afoaa^a sa, 

^ _ sin i _ 7\ 
sinr t' 2 

^aia^a afe^ataa aaa Ta^ sin i ^ sin r *rcm 5^a 
^^ivs &a ^a Ta^a'fe sa i <o«n *nscs& aai aia i 

ata aai aia ca aaa snaica £wz.', 2 w (/ x Hfo*fe 



fra 7'5 

tc^aaa afora«i i 

^afS Iffaa&r i caw g$ srrarar arara^ arata ^c«ra ^a 
sa (7*5 far s^ai) \ fa^ta aiaiw r cares 

af^^s 5;a, isa* aft aiaica ^a <3 fofo«ifa aaisw £ra7/ 2 9 

w L\ ss i jk?pis«i *{5 argsrat ^mai *n$ 

\mv* + C/ x = \mvi +I/ 2 
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a«R 5 Ri 5 wi^ fester 5 i 5 jw a^f^im 
*f? 55 § 5 i:$ c*i*n 515 aU = L\-U 2 , *\m] m 


V. 



(77) 


srfr sj<n m C5 sjrjcsr 7nm*\ aisk ^ fare 

faSlHfal 5C©T5 ®Ri *$ fare£ r 9I?\5*fe5 *t?55'5»T ^5, 

orsrtcff g? 51515 c«ire $rj sn*jn?r c 5 re icsrafa Him 

§*fTW (Normal Component) *t?55 s r^s 55,551^51*1 §*fl<*r 
(Parallel Component) »i??rT\o^ 53 ^] 1 511551 fswc® 

*flT5 ( 7*5 faff 5^51) 


z\ sin i = v a sin r 

®W5i |i = s ! n - 1 = v * (7 -8) 

sin r v x 

*!5Wl (7'8) C5re 3T$ sfts55ire |J 45 SIR ^5* afejRTCW 
CKff £1$ RTT7t<T R*f<fta I Sfsifa iflCTO a?555Tre 5C«F 
5512FC5 fefal 355 515TC5 ^C*re£C55 C5E55 ^*[*111^5 55H I 
^rsflwi (77) 45 * (7'8) csrc^ 31*351 515 



^5TR E — 'hmv 1 2 5 C^ I 51*1155^! 

2W5 5I5JC5 ^T^tf^vs C5T& i£15 5lfa*tfs?5 55R 551 

5T9 1 5fa V fa®5 at®5 5T51 5f?T5 (Accelerated) 5515 
v£j| *ffa? JtE^Sfa 5$^ Sffalo 5E5 5Tre ^T5C®1 E = cV C«751 515 1 
tESRFSfa ?5855C*f5 555 C555 ^Ceresfare 51$ t5OT3 5IT*$*| 
^fall's 55, <£& 5T5J5 C5re *RJ 515155 ( 551 51^ C3re 51^5 5I5I55 ) 
5T5T5 555*3 3^3 mmm 5«T |c«re&7?&5 §*15 fflF51 I ^5 
*K<*\ fe»F*&OT *lfa^5 55 I 5fa 5I5JE53 51515*1 

aisk ^57 *55 35T5 555 Al‘ T5^5 at«? 5sfe C5re 

55, S15E81 4(' = CA V C®751 515 ; ®re<fl5 31153] YffPIC® 3ffa 

(<=\A+^ 


(710) 
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aTssrorc* ft to (710) sTsftaq crict /iF k«fa ^i 
5TS^f I C^C^vjj tfJ STS 3X$? X = h/mv, 'STs^ 

K « l/z’; 3J5 ?ir jjsitwi (7*8) csiw ^fT'Q?n ?rra 




3i 

_ i ' 2—^1 
^1 ^2 


(711) 


wca ^ w X 2 ^nro my <w tok shto 

«fi as sir i 


(7 3) c*f^n c*iw CS X-<tf*g<T sjvs 



f5ff 7-6 

CWCT3 C«fC^ i 


^jto kf^ cw af®*FTOa tot teewfa 

i (7'6) to <S<F?$ C^rTTCTS §*lkTOT?T 

ScsRsfa^C^S 3TO C?*IH 3OT5 I srr'TTOS 

$RJ 4CTO C^TOTS «p5J5CS STCTOiT *m STT^to te5PFGfa5{C«ea 
CTO afoSSTC =n I ^f*f CTOOT3 sreiTO C^TO ^^3 §*f?T 
oksjTO CTO 0 5S, ScTTOT AB TOto af*ff 
BC afospto <t?*it<t ®ra*fo cto </> = 20 ss i c^ipt cto* Wsrc 
3TOT CTOPT3 fc*lkTORT C fc*Jff5 srf^TOS wy 4>' CTOl ^C*T3^T- 
CD «rf®5w s$ i c*®hfbt ! ®r«iTO to jpta 
cswi to nK a =2D cos 0 ; 4*mR D = d sin 0 ^ CTO?r 
S59|*JCHRr *fTTOk^ TOTO I d OTTPRI ’fTO^to W*fa* 
toto i frros 5 ft cto* *fr®?n to 

nX 2 = 2d sin 0 cos 0 = e? sin 20 = d sin </> (712) 
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OTT*t PMsr C §CffRgfaS(C^a afosTO 6 ! 5*1 

^vs, (712) jpItwrtS w«iPf c«ic^ W® ^prIpr CTO'S 
aiRffi pr® w (712)« (7*4) stsftaro ^ sipjj cth aT«foi 
?n i 

af^w pC afo^ srsiw (7*11) jpitwi 

c*ipf ^srrsj^i *it??[ ( 7*6 faj eHNj) 

At = sin <t>' 

* K sin * 

s^rc (7*12) *tsjtaaPEi >n$TPn ais?n *nr 

^A x — nh^ 1 =d sin <f>. s *A-^ = d sin <f/ (7*13) 

A, s sin <^ 

■w Xt 5P5 c*®hfri &9Rtera wi sra w 4>' sm 

^?*ir?r oti i (7*13) *fsffas<R nm 
Wlrf*® ^TKvsfT I C®f«*R W strfTCsR *f<ftTO 

^i<t^t?t to ^sfMi frr4s w\ $$ i 

strr X-<r?*p cto afosRFR ®rj srcpnfaa (6*37) aim 
JIsft^SPRT S^C*f *r 6F73 CTO *KC*fTfa^ STT^f 

c^^n m n\ 1 — 2D V fi a ^sin a 0 i c®f«*R »w *n*fa<R Wta 
a#ro, ^T’s ^t»t5pr cto. ^ *rcp*nfere ^ritarcra 
sttstpij n Ms ^<n sits i Wfe sir cto (7*10) *rcfo<rc«R 
totcsj 4 F taa«i ^<n i frocks ^jto ta?*ra 
$ot*Spr ai<3?n ^rr?r AU = eAV = Qi $-c&\ \ st^s 

3J5JTO Ic^laRS ^»lfe<J Ifl^ aTO §6& SIR ST^S snqfa* 
^wsfa ^ sjrpn?ft *n*n sri sts i 

feBPfteR CTO afiTOTO (i > 1 3?n IC^RS “rfo* 
^CaC5T[l = l TO ^T5T I (7*10) yfsft^«| ifl| SSR^ 

^g?h §W i 

7*5 : fa. fa. 1>W5R *tft*SFl 

CvF 7^R=T flTTtfR 30 CTO 600 £-C®I a^3 5FaST 

STCTO TO §EffR$RS SsSSPFgTS 'Slfsr? 
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<3 cro* ntor 

snfa'TO i 43 *fr dsr^r^r (G. P. Thomson) 

RT5W ^$«r ?3MRt 3TTC5* 10,000 C5CT 50,000 $'C&\ *T% 

^C*RSft 3R^T $j*p&o 5*ER I 

iWot n?itai (77) to pfro 5C5C5 \ C 



a 


zzzzzz . 

_ _fl 




Pump | Pumpi 

f5ff 77 

far. T*f. &SPR ^ST^jST TOSfa *Rrfol l 

5T3i, 31 tofrj to <ini 5 s \ ?Rrf$3 m ms 

oW CTW«I sfeiR *fT5FRJ 3SJTWH5 3?*H §**W *3R 313^1 TOP I 

c^rsjlto arsr 50,000 c®ra> Mg to<i ziz&i 5Ri 3C3 

A ^jicttgsr to «p to?r swi fra *ir ^to ?RT3to 3^11 
55 I STStfSto ^C5T^9p5 ft *fTo*il OTRT3 *fTCo3 §*R 
915«IC5 'SJT’ffoSo 55 I F (TfRR *1TC\55 C3< 515 10“° (Tito 5o 
55 I *tTCo3 foo3 fsfC5 Wo P CstolSfito CWC&5 

$*R ^T’ttoo 55 I CWtoto CSfSfS ?33*to 3RC*T C3 Rspn 
CW© *fT<331 3TS oR f^R^fa (7 ' 8 ) to C55R 5ESC5 I 4^ ^"TR 
CTO«IPT 4<pf£ ?<Rf Ctf^l 3R ; 4to to 3*53^ ^SJC#5^ 
KFF^FR f3* C551 C*r51 3TS I 4§:?R*{ *ff*Tl Yv 53I$-C*I3T3 (Debye 
Scherrer) ^foCo C3C3* 3R?oo X-3?*ff §3*fl5 

sff*lT3 $Fj3i*[ ( GT6 5^51 ) I 

31^3 5C3J TfRRcfoS ^fo *fg 3m (R^T^ffT 5^ to® 5TCT. 

C3*R <3F7F «{5 ^oFR ^tlfo raj I 3n*fto 

5fif ^5^3 R1T5 *5153*1 3*C3, <5T5OT §R1 3JT?f 
5151' Wr?3o f3C*f3 ?3C*I3 to 3J3^ ^ 3*5C3 I 4*R 3fa 

3fT*tto IPTCsfasjto* ^ 3FR 3J3^f C3TC33 JpjR CW 

^51 5T5 oT5C^ WW C^TC«1 515f^ 



> A 



7 '8 

l 




*OT$3 x533F3»*T 
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*Kf3 C3*C3 fafiKT ?TO $rePT3 TO > 

C^FTC^TSntsF^ csrfc^ ^ *K$ CWW OS? TO **f£\58 C*WTFT 
5Eff3 3*fa> 53 I 

v£}§ 5?^ C3 <PTTRT?r *fTCvs3 «lT»lf^5 fesf*&TO *KTO33 
to X- 3 W 3 toGprt 53 m, si vm 3to ww 

frpH C3W TORT 3TO $$$ TO C^TO C3 £TO3 2T5TC3 

fafcfS TO CTO 3H&T ^*11 TO W^fl TO *T1 I 

RF9(?TO 3JT>IT*f *tf3TOf TO 3J3<fo CTO 3Tm TO I 43 CTO 

arm Trsftoc^ totc3j tE^tera wr m ^3*Mj X W 3 3*31 to i 

4^STC3 Utfv S35f£wfa3 TO 43* *fl 33 crates CTO faffs 3TC33 
TOI ST?I ’WlTs ‘ 9 H'Q?n TO I 43TO §C53TOT?IJ C3 C3C5^ 4^ 
*f3faT3 S'S^lfs 3I35T3 3*31 53, C3SR7 4C'2TO WI §3 

^35ffotfj3 sp^snto «nc 9 ffw^T^TPf?r fain fac3Ri to *r*c*TT?<s 

3R1ES TO I TO*lfoTOTTO ^TOl ( 810 5^31 ), 3fc 

^C=WSlC33 f^3-S3 rn 0 53, v CTO 5TSHTO SR^ra 43 S3 m 53 
43* (3 = vjc 53, ^TTO 43 S3C3?1 55 


u m Q v 

p — mv= ° 


Vi - jp 

4*TO c 505 *[03 ^TIC^5 C3^t I fe«R&tf&3 ^o 1 # 505 


E rr_ 1 Tl 0 C 2 

— cV— — r L^.~ —ni 0 c 
V1-/5 2 


<>£13 CTO *ITQ31 TO 

Vf-jp* 


7 tt 0 C 


m 0 c z + eV 1 + cV/m 0 c‘ 


C3C5^5 eV<<m 0 C z , 3fS43 CTO1 3m 
Vl-/3® = 1 — eV/m 0 c* 43* l-(3 a 


= 1 - 


2<?F 

w 0 c 2 


^S3T* |3 a =2 eVjm 0 c* 43* v= V2eV/m 0 ; 

3TO31 *n$ 


X 


h _ h V'l — )3 2 __ Ml — eV/m r c*) 
P m n v V2m a eV 


^43 


(714) 
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‘PfiRTg 'G 

(714) q 53>i*7m «wtafa snWfcrowr* 

jpltan (9pAm 7'5 sn^i) i 

(714) ’rsfhraq cwf fe«i*4e?a *n §s \ 

^ wn #TO TOTCTJ Ws*t 5TS5 c^riPRr s^fs (Lattice) 
^3*1 ' X-^f*P ^effe SITO ®iw 

3HTO3 C5*r 5fs^rfe *rr<3?n i &fTz<? e r%<fi*f, 
c*nm cto Scsraste *tj^ iraw w?n m d =448 m° vm 
51*6* W *fTe31 5T5 (i = 4‘06 aiJTC I 

5 ^TO & 3 WSfa sjl^fis? ^rafo C^®!TCT<f *&T frtf g ^T 5 ^TC- 5 ? 

faqre «tc^ *?n 55 i \st^t©i c^ntro csrre 

§CT 5 &T sf«*Ffa« TO« 5 f*fl ^31 55 1 ^*JT 5 

SIOT'Q ^va^jfef *51^*5* 52F C^l 5T5 I (fl^STCT ^*frl *fl 

ktSW TO C^B1TCT5 ^f7?T©C3RT *T&T 45\ '5TT®?TC e 15 (Film) Sffo 

fcpfe =H1 5T5 I 

fesrcfrr ^1551 ^Wi ^ *f®m. ?«n caTfcr, a^fo<r 

CTO'S ^fa^T^sT $33PRS1 ^Tf<^ TOC? I v£}SfiT i\ fafelj *1551*1 
w ^<m^T<T stfs?s *nfhn ^rai 5c?rc:£ i ^ toi 

\s<TC 5 F 3 5 I 55 T??W TOffi TO 1 C^ 5 TC?I 5 fr[*ta TO 
^ 3^<W5R^ I ?i?^dsr i£|$fi> qfrm I sjvSSTC 

*m ^ ws cto^ 

^OT^Eto^eRI ) Nsft^FFff 1 T<T 1 £f«rfa^ 5 ?f ?n I fiflgfcrc ^<f 
TO^l TO¥ C5*ft 5«5T5 ’PPlfe fa§fc?5 *fl SRT 
WWTf 5 s WFW fH 55 I ^T^wHs §V 5 IS «Hk “ft? 

ikT) >p^sr ara 1*8 55 , *n X-^W^ 

I5?wbfrtl5 I X-<jH ^RvoW5 ^ 

a*nsft ar?fT^ 5 w^r «i^o ^1 1 

5W«il?l C5 »P»W tC5T«FfiC55 ®Pft^ SF5 77 ^IR 55 I 

7’0 : ^WWl ^€t?I ® OT ^ 

a*nc^5 5Wi ^rsisi^n f^*iH ^^c\s cm 

^5f i£l<R ^?«1^1 ?A C^T^T5 ^1 «T9T5IC5 ^Wt5«l 5W \ 
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5E^ C5 ^fi> fogsmn fa?*! 5 *} 5R5i, 51 
2f?5 5[£tf© 451^1 w*pd SR^IPT SITES 35“ 5T5 35>$1 TSSBW 

p 35< faW E TOF I SfWltS 'eSPffrfft (X) 35^. 

S^S (v) fafa'S VS5C5F5 CTfiSfS ^f«pdl 5E^ C5 35 ^5ftsi 

^ 5^3 35< 5f?SFf 5R35M 511^ I **1 Sj« 5 sfaSTTOTS 35* 

^asprare c^¥ fof*wjj9[fsi 5**$ 55*55 feint i st vstw 3§; 
55*55 ?5E5T5t ^^T^ffeTW SJC^T 5fTSraj5fJ f<*IH 551 535 \51 5C5 SJT^T?^ 
5C5 I 

2f«fSI\sg ?5&T5 SE5 C*f51 5T5* C5 5feT5 £5*5 35? sfel 
^5CT5 C5C?t5 Sft5J CSH T<F R I ^55? ^ <WCS SfRl 

^TC5 C5 vs5C5f5 ^ 55H5 C5*5 31TC5—351$ 35 W<55’ (Phase 
Velocity) 51 ‘vs55K5T (Wave Velocity), 3Rjf$ 35 ‘^-C5T 
(Group Velocity) i 3§; C5CT5 siph 35t>i faW *1*5^ 

I ^55pfrr^J ^*53 ^55? C5>H faW SU5JW W5IS spfa 

(- oo) esres *rtss srato (+ «=) 5 *te 55 i ^sfffo 
?5®T5 (Amplitude) ^5 tor 55 i ^5:5r5 C5 csr 3S$ faW 
^5^1 51 *r*n, 551 35 *M (Crest) smi 5R (Trough) C5 C5i?T 
3S fa^f C5C5* ?5®^a 55 <51 5’5T 35 ‘^sw-cro’ 51 

‘*f*lK5*f (m) I 5?«f ^ 35 ^55?Ml 35< V 55 S*5T<S, ^T5W 
3ITSI51 ®?Tfa C5 

n = vX~ v/x (7‘15) 

«flW T = HX 3C^ ^55f-?K5ll (Wave Number) i ?5^5S 
(Dispersive) 555JC5 ?5fo?5 ^5 sfMi 5*5:5 ^5C$f5 ^55F-C5sf 
55 i 

3Sft 3S5«ft ^5C5?5 faf®SJ *fW 51 I 

v£l^i§ C^ ^51^ C5I5T1 5S5 ^5 t ^PEffiPF ^5C5F5 

C5^f siTOo 5C^ i£I 5^ *iM 51 ^^5 ?5551 C5C5 

>fsic?r ^5%5 ^<Brf?T5 35 'SI 5^55115 ^5T5 W55T5 1 
51 ^5^I«ff&C^ ?5?^5 55 I C?51 5T^ 5t ^E5 ^1 

5S5 1 *T*f C5C¥ BrRl ^STRS C5 51 ^55f^^I5 5C5I 

^51 ^5sf 55 S 5C55 ^55 ^5nc5Tf^ (Superpose) 
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»ifa (Resultant) ^33Ffi>3 TO cto CTO ?3®T3 
(Amplitude) ft C305 m, cro cto w *[3 to 3T3 i 4§3>*f 
TO>PT3 fa«pfar 3Ce§ ^33^3 (Beats) fewPR i aifar <a3E?3 
C3 C3c*i w?3^ 33 3®n 33 ‘^-c^* i 

35£S ^5F M^8 *\V& $$ ^-C3Fl| *TOTT3 v5 33 > 

SR/T 3*31 3T<F C3 V <<13S v' ^ \s33f *f3*1C33 

§*f3 3f3JTC3T?m 33 ( 7'9 T&S 5^31 ) I S53^ ^$3 53Sffrr<IJ 



far 7-9 

tf;f$ \s<ic«^ ^r«wi:?n*ic e ig *k®i *^ K *t &*n*3 i 


A, ^3? A/ 331 3T3^ I 3fa ^35r ^ AT-fw 33, ^T3^ ^TW3 

^3*3*1 C«T31 CTO m3 


y = a sin 2?Kv/ — a*/A) = a sin 2^(vt — xa-) 

V = a sin 27 t(v' t - x/X') — a sin 2n(Vt — x'.r) 


^o3T* «lU ^33F 3E3 

Y(.v,t) = 3’ + y ~ a sin 27r(vf — x.r) 

4- a sin 27r(v7 — x 


— 2a cos 27r 


Iv-v . x - x 

1 " 2 ' 2 •’’ 



sin 27r 


/v + v' 
\ 2 ~ 



(716) 


*Tsfto3«l (716) CTO C^l 3T3 C3 rffa ^35^3 3^3* 43* 
035P-TO1 33133:3 (v + v')/2 43* (x + x')/2 33 1 43 ?3®T3 

(Amplitude) SF33* ^3 ; C^T3T^T mf&3 §*13 fa«3*rfa I 
f3ST3 3^3 3TC3 *ff33^TO 33 I ^3^3 «r»n (Phase) ^I? 3 ^ 
33 (v + V)/(* + x') C3ffi I ^*f3TO ^3 S333 ?3®T3 W?3^ 33 
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{v—v')/(t — t') c^t i v <fw v' sjts srh ss, 

*T*fK3FT<T 5fH ^ 715 g^I ) 


n = Lim 
!/'-*!/ 


V + y 
X + x' 


V 

X 


~ vX 


sfH ss 


w = Lim 

l’’-*v 



dv 

di 


(717) 


( Tjsft^^ 717 ) *!**[< ^RTS 6 ! 
\»tw 2f5n«i ^tri ^rr?r 1 15 #) fac*R c^ts, sptfre 

sjt 5 >s?icsF?r c^m, at«*w to srao* 1 

va^ fograffii c*r ^ &*f\ 7\Km- fafes totcpri ssssf 
*f<r**K:<r<T §*f<r ^rairanfns to m, erf* to^Ss srTffo ^ 
*rfsrcfa3 sc$ 1 sroncatf*r« ^ otsri 

fWTS^fa (Disturbances) ^<r ?K#i sfhn^i cfTC^ ; 

*f<m i£fe&*r ^rocsra swr^I w am cto e(T^F m 1 
«ift®rw ?re#f amsr ^ftsiR^ ?r ‘^5?-^«rr 

(Wave Packets) to 1 sttoct?*!® 

*im ^s c^»ft faff 55, srrofcras *ftsn ^ jksW ^ 1 

*rac«iw «?wt ( frti?r faff® *rfa sreta s$, »jfeRrf& 
fa*gre ^?f 1 

3 T 5 ito 3 ro (715) c«fw *trs?n 

0 w __ 1 Qv _ v _w — u 

ST T0T X s X 


' 5 TTsr?n *ifa: 

w = w + x®^ = w-X?r (718) 

at 0 ^, 

W ?I8lf^ ^FTiCf «rf*f ^fa*Fl *K?SN> vo?wfrr$j ««?< 
TO? S3 3PTO?l X <im v ^r$TO p — h/X—hx iW E = hv 
£5T«n ?nr 1 
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o CTW 5&T 


v ctot otph*i ^faTO csm5 *rfe i£i^\ ®<kw s?r mm% 
( sjsfasw 8'26 « 8‘28 5^1 ) 


E = hv = tnc* 


«/ 

V l — (3 3 


/’ = //x — mz’ = 


^<itc sttseii 


w 0 /3c 
V1-/V 


(719) 

(7-20) 


E/p - v/x = vl =- 


p 


Sfsfa \d<TC 5F?T ff*TK^ S$ 


'?/■ = vX~ 



(7*21) 


C3CSS 3nC*lfo*'5T3T®r 3^3T?ft ^f«tTO C<ffi 7’ *13 3ffiC?I§: c ^ 

s?r, 5no43 tf»n-c^ (») *re *m c toi 

c^*rt ss i f^raiTs fcim *\k +tfasraTPRi ^ i to«i 

C3 CTO ^533WrfS*® *KCT^ (Signal) *faER*l TO, 

31 5f^Wl C TO^Fl 3^ S3 1 

StTTO (7*19) (7 '20) CTO *tT'©31 3T3 

rfv = OToC 2 ^ h ^ = _m.c 

''dp (i-r) s/2 w a-py* 


3TSil3 TOSl ^ 


dv _ dv/dfi 
dx dxfd \3 



(7'22> 


^3prt *fs-cto w; ^faTO ot v-$& ^rsrr^r i iswiot 
§cbtot*tj c?r vs?rsf 3*rc sitsr cto toj sitto s?r 
af«5RIT<C^3 C3 (Expression) *fT<3?n 3T3 ( 7'8 

3Tsfta?ro 5^31 ), vKv 3?tf 3^1 CTO3 *lfasc6 JlsitTOI (7'21) TO1 
*?*n-CTO (Phase Velocity) <f?ih 3TS, ^ 

$tcto ^<icsf3 afo^raros ^fo#3* cto *ftm ss i 
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r7: 

5P^?rq (7’22) csrre ta ^<n rec® rtr ct 

C*R ^SWfrpfo ®^C^?T ^TTRTRFR 

(Superposition) tot ^sF-^spn (Wave 

Packet) i tfi^n ®?w-^feRfT<T &?*(<f fas??® (/i.r) «htc*f i 
<<t£srj ^r <jri *tt?t c*r ?<rf 1 ?®3 skrj <r c^r f^c 

^3?^® SIT^t® *ITBT I ^TC®?| fafa&5®ICT <J*n TO* JR C* 
S53W-<gf5PTT* ?*^?®<T ft<F C¥R f**^;® SR?^® 5|TC^ | ®}RR 

^s^far ?*?®?r ®*5pfa^j 5p*w vssm wuramCTw tot ®<rsp 

^W> $R, *>T®iR ^wtTTlfa S5*9ffcttfj ^ ®t8 ?JTf*fr®®TR 
*?T1 TO* JR I CTOT i£$f$ *cfl TO* C* *jfaFfnffa ^o?wMj 
fafa«d R1W* (/I A) SJC*JJ ?JR^ «fTW l C*^ ^Wfifa ®*l*ST 
p = hh **®4* ^RR* *TOIT&JT] cw R®fasiR 5R C* 

®<n:*?t p ?*c*r riht* (/i/ 7 ) sr:«ii *flfa® site** i ^t*!*#* 
^<hrot srr*r ?jt?*5®®te* *<?n to* jr \ ^®<m c^i *te^ c* *f * 
®*5rg*TR ctc* ctr saj^fararc sra^njR m] fojft 

*fa«ETO AX 4ER *R ; ®TSTv51 ^fTOfifa ®*E*E?R 5JC*J>G 

faqjft ^U*mv] Ap *r i ^ew otri cres e* 

^RJTE*T?R® ®*CSR WJ1 *® C**ft 5$ W ®ntf* ®*5Ffc^R RTf*l 
*® E**T? ?*S® 5R, \53W-»(?WRr fcfa* ?*5??® ( spfa *s?«l*Ti$?T 
sr^jr sr?JT*s*®i ) /i# ®® *r sr i fa^ *rcro *kc*t ®?refr?tfR 

RTgTT* ?*^f® tf*S cq^ ?*^?®<T §*R ?JT®**tfaT *?*RT?$* ®*E*E?R 

$tf;m®i Ap *rec® rtc** i wiw w ®<T3Ffotffa rtiti /i^. 
^yftsi ?$, sfafovS {Ap= oo ) 531, ^5^R 

i£|5Ff& f^s^vs I 3$TC 

vs^ ^ C^SR S(TC^ R1 (Jat = 0) I ^«R 

^^1 C^f C^R ^f*5® «fTRJ I 

^‘wrc^F ^rat«Ni otsrt cto /dX = 0 ^ i 

iflTO C^TiT ^rfsm^ «fTC^ R (^1^ = 0) ; 

s35T«5fr^ \53JRSf t^«5^>5TC^ ^TJTl 1 
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4*r ^Pitsr (Ax= *>), to«i S5?wf& 

spfta 55 i 

sf®3R &TO<f «IW1 (WCT ^ (R 5qpr n553R?K*1 RR 
?RC«T 4^1$ <J^f ^f«fTO SR^R (,r) 45S ^TO$1 (/») sfafaF® 
TO 5T5 i mk ^rsrcsr afsfcrs ia| gfi> *wm ^“rito sir ax ^k 

Ap <S|SR 5? C5, iSl«Ff& C*fC*f TO I spsifTC /4^r oc l//i/» 

53 i ^^T\ ^R?n *rr?<r 

/I A' . /t/> = !R^ 

STCJT^ s?t4r fosiRl 5T$PR5T*f (Heisenberg) srferosf 
ST\55T*F §gfa>5 TO^ I fefiT R^IR C5 ylx v£R* Ap ^v*Ifl ^5 
^TTOR ^H^5I SJH ^TT\¥ SFW /z-43 STSfH 5 $ S 

Ax. Ap > /z (7*23) 

3p*fa RR ^faTO Sf^R afasiTCTO ^R*RJ^1 (/l.r) iW ^T<t ^3- 
ROT >RTOfa 3lfa*RRR (Ap) *|*re®J WTW SPW /z-il?r *RR *T»R] 
h R*it 53 i 

mis (7*23) 3T«*f#to ^ 53 stIpr^tpr *®jtro^T 
(Uncertainty Relation) i 5ltPH3TPfa ^3t sj^itfR 
‘®rfcr*5?l\si sro^Tsf* (Uncertainty Principle) =Pn 1 ^flSRf 
'Sjtcctteri rr c^i *tr r ^ s^trs totkj <isj ^faTO ( 
SITRITR3 ) to® »IOT (Dual Nature) 3RJ RTSTStRT R3R 3R1 
5TS3*f<t i 

4*r gw 5C® aiR r ^ra^R w ®topr ^torf 
^•^“R r®! <pt afiRTa ^^¥^5 rr 5»T^ '5?*n 5C$, *ti va^ '5ifcf ,, i>3®T3 
3TRT RR C*rt7oT5P TO«1 I 5&PR<TPfa sit® v£l^ «lfrT*&?r®l 

affssit 3^61 r)¥sr 34 1 ^ jpg ^t^srm 3531 

3T3> ifl RR, 5rfa*RI®R TO RR R§ I iflWl R 

5R <R5f CTO^ •s’lf^fsro <ct¥*R SIR *rf<RT*t *rarf®3 a®TR 

fo|$i *fa3f6® 5R 5R1 c^r «nrsjfti$Rr 

(Ammeter) TO ssft^ OTT5 jp l7^ s rm ^51 55, WT 

«R5{¥site?r f^sih c5Ti«f?i ®?r ^tsi^ OT^sirai afvs sum ( 
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3fITS{?3$T3 3?^?? 33T3 ^fTOTT^ 3T31 ) TO ?3$ 3C3 TO I 
TO“TC 3fIT5J?3$T3 f'Qpfk CTO ®?T31 TOC*I *ff?!3TC*rcr 4§; 2F?$ 3?PTO3 
331 353 I *IT«lf33 <3 *[3TO?33 3TC*13 C3T3 33^ 3?33T3 ( 31 ^TCTO 
3?<13T3 ) =513*513 ( 31 =»3C33 ) ?3<C33 333 *t?351T*l 331?=53 B^TCT 
3?«13T?$3 =513*513 ( 31 =»3C33 ) ?3f *l?33?€=a 53 I 2^C333TC33 
ST^TO? 4§: *i?3363 S??33 epfS 3?C*fT33 331 3=153 33 43? 4^ 
^f33^3^ &3» *1?33TC33 =5f?3TO^13 3133 I 333=s1 =5^0^ 3*1=5 
§*rl^3«t TO1 4^ vs3I ^T3'Q ^T^^TC3 C3131 C3C=s 31C3 I 


7‘8 : Mt3l 3tf% «T«|^hF«1 ^ft^l 

3C3 331 TO C3 =53331 43?$ |c<33&:33 ?3<3 33C=c 

51$ I 43 $131 43?$ =5J?u §65 f3C¥13 c l *351=51 JpwfST 313^13 

3C3 ?3CSr 3fe 3Tc*{?33 *13^1?$ =5^?«fro 331 C3C=s ‘3TC3 I 43*11 
3?3?*F=a C3 ^f$ ?3^3 3C313T3 3I3=s3 *[3* AX 3?*f 433 53 C3 ?3^ 
5?$C3 5(*ptaw| 3131 *1^3*33 33C*! *J33 3C<5 C3131 313, =sT5C*f Ax 
>l?3jtf$C3 30=11 3T3 ^3^*13 130*133 *R\5l (Resolving Power) i 
Ax 3=a C51$ 53, =5[^Hc e 13 ?3C213 c I *R=51 =a=s §V5 53 I *I!CTO =a=$ 
CTO ®?T31 =511C5 C3 


A 



sin a 


(7‘24) 


431C3 a sm ^TOPHf^ 3f CTO ^3Hc33 (Objective) 

C*l3 s G33 3C3I ac3“rarct =5UCTO-*l?f3 wfW C3T3 (Semi Vertical 
Angle) 43? X =5J1C«=1TC3 5 3 xs35p^ I **N$v£8 $TO$C33 

'5I3 5 5TC33 =5f?3TO=sl 5JM Ax 3?3J1?$3 33T3 1 4$ =5?3'TO=sl 3*51105 

5C*1 AX 3?311?$C3> 3*313 3C31S13 I 313^5 =5HC®iTC33 =S35rfrtf I 3?3C3^ 
4$1 331 353 I 21^?=5C=5 5tflC*PFl 33 =s35ffrtfl TOST C3 =5U0TO 
TO31 TO =51 50*5 n33T«[ C3TO CTO ?3S^=5 Y-3?*ff 1 ^=531? Y“*W 

313533 33C®T $1TO$31$3 =513*513 ?3<ft33 =5T?3 1I &3=sl 3)3^3 331 353 I 
§Cgl3C3mj C3 C3T3 3T®3 ^3*t^3 3131 Y-3?*I[ 3I33T3 3C3 C3T3 3f 
3?331 f33^3 331 353 33 I 3T33 ^^|3HC3 313^ C®133 ^^]T?33 
3T5TC3I Y-3?*UC3 af«^>5 331 3T3 31 I C3^?31 4^ ^13 Ht^ 3^S 
43fij 3T^33 I ^1 3^ 331 3T3 C3 4^31 *1 43?$ *f3>31 
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*ERT*[ <3 <7FS^ 

^sn ^ i presto y-c^t^ ta’RT ^r 

^?tf mK] aw«i ^ca, Swrcfrrffra s^r U'fa *p?n 

^ ^ *nra (7*10 far Eflfrj) i sre*n facsro*i 



fw 7-10 
y-afar ^f*f^H«t i 


sftfsrs %Qm ®rj la^sra fa*fiv® ^r^TR?r faffr sifa“Ri^i 
(Ax) sfTSPT 31 TOtwi (7’24) ^T<fl TspfltsTS ^ I 

SfOTf V <F**fK^ Tf 5 ^ Y-CTT^ST fe^Sc^T $*RI 

??[C*F*f \5^ ^pTat |c*I^fi> fa| * p tTw s TT c I ^STCW SfTSf 
53 I fafag C^PTfaft a 5rf«fa (^TCW 3WJ C*r OTT ^R 

ftfcsr 5r®pHCT3 f^sc^ aw*r *rn;<j, «Tov£i^ afofos (Recoil) 
fesrasfr? 3^ sift's s»<iwro<T .r^RCT?f *tf3siTt*f<T siWJ faf 
^fa*Rf\sl C3CT 3TC3, 3T3 SIR 5C3 

Ap x — p sin a = ~ sin a (7’25) 

A 

<5TO /l/Jl 505 'SSW*! I 

^*$013 3R^R 43S VICTOR JPWTsfa *lf3RTW3 
^ e i^ ?w (*rata3«i 7'24 w 7*25 fffaj) s 

j ^ 

Ax.Ap~ = . — •«- sin a = /j 
sin a A 

fe’icraro 5fe 5 RTOfa sr 55 ^ (7'23) c^ 

sr?^ - i 




*t3TC<fa 
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ifRTR C3 5jtc»H«T7f<T 3f?3“58^1 5<53T3 SRT'STR'Q 

zpm to 3T3 i 3?? t 53X3 cro c®ho shafts (Physical 
System) *tfs? 35 E, C33R 8T3 C3 

AE.At>h (726) 

<43TR /4jEs S[X^ ^(f^fsF® *ff ; 3 f 3 3IR3 ^faP'RT®! <33^ At 5X' 5 §> 
883 *f?35TC‘53 srfspRTSl 1 


7 - 9 : ftfeir *rfir # rro 


C8X?03 '5rf3*I>3 v aT3T t f ^*[51X3 C^TR 33^ 3>? c f3T3 '*M*$R 5?<53 J ®IX3 
M* TO 5S3 33, «P$43 C3T3 ®X? *(35T33 5C3J 

^fSrs C8 faW wafers to 3***ri to S3, 
faW^ TO*fX33 <f**ri 3T®3 37® *nx3 3i 1 st^csjtcsr 

♦RRT«p® n -1 TO*ix«r TO$3*toT $OT*$R3 C3?t 2TO V = %ne*/h 
(3*8 33tTO c i 5^1 ) 1 ^®3R icswMhr *n 33 ^mfrrfr ^ 


JL = ^ 

mz/ Qirmc 2 


= 331 to 


BTWICTf 3T^TC5jR3 2N5 <3T3 TO*(X33 3JT3tf a Q = 0*529 
TO, 81 fe*IC3l 2PR5 X WF1 TO3* «I$ I CTO? ^C<53^X53 ®I3TO 
'oTS Tfl 33 ?3^?®3 5C*1J C3 CTO ’STR 57® *fTX3, ^®S 

^3R»l *fg TO8X3 4v® >fft m 33 3*"BJ ^f3§R3 TO$R3 

3**831 5X5 8C® I ^TOPIC* 885 C3T3 TO8X83 8?3f8 

<3*6 33 , tTO c l 5^31 ) 

n _ n _ h 3 /i a 

^7T£Z 0 — i a 2 — n 2 

0 4jrwir 27rw£? 

^T3 »A 8?3f83 SIR §8X3 SPrS ^PF&RS *fl 33 S53 *£'tX3J3 33R 1 
4^3i8 333*1 *fl 35 33^3*1 (7’2) C8X*F *fX5f 8TTO 5T5 I 

C5C5.^ ®lf<l'®H*ft 5 T ^C«l4^W3 C3 5 tfa3* ^53X38 5X^2 

mvr = nh/2n 


'ST®<5 5 31 35 ®>*? 8T'G31 5T5 

2 :r r = »— = wX 
mv 


1—17 
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c*tra vsuQ TOaw?r aW*ra siwi *j4*rcw 

*ri a?r ^sf «itto i a«ra «t?i TOata (« = 1) m *$ ^?w 



sitto i foots, ^k TOacsr *$ *rc«m ssTffW ^ 

for ^vsITk 5W ( 711 fra H^J ) 

tTT*to 4<K VST?^ fcSTCS ^te’PRTPf?! SlfoTOSIPET 
•$&i 3jak?ik i cscs^ assiwfa^ sttsh ^faTO ®rto 
w to^ot cto aforra *res *[to< *fro fltfvsf^rn 
laprs sifokk cto to tos rs i 

c^m, ware®® a^fo forokr*! ^srs*? 

CTORlfo veEfS TO1WI aSST^ST SfC*fJ Writer* afa?T 4 <k a<raT<3 
fcs^ <i*Nk ^ihii $$ *n i srforerereTws srtsst 
«pF**ff a?<m sm c*f a*FTsffa*rJT?r a^Fsa ‘^k 

TO<1 aw (Law of Causality) a?mfc^ m\ a^afT sy 
^faTO ^1 5ITCTT* ^aTO CTO aCTT^I as I 4CTO ‘foraOT* 
akaso ‘jraRFsi* (Probability) kfor aTffo^ sfara®ik • 
sjrp&H £3 i CTO awfa (Phenomenon) fa?*F5- 

«iw <a to ar to sfara asreroi arfafop ^ stsi stto to 
ararsR i fcrorossia to cto arcs cs c^^rrf^cs^ to fer 
«iwf& tei^Sa alter caffc sraste ^rfa^ aft <ri csteraifop 
csrck §m ffo cto fc^s sea si fafassrca to asa 
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=T?r I ■£( TOl TO CT “'to ?3?«fT f^vs 

3TO 5TSRJ^1 *F5 I *TC v£l^f$ ifM *TO TO 

&& cs^ntoit *r*fi to *ito to, ^T5j& c*FTCtoto csrcfo §*ra 

5ff*n ^ i fato tore ^ ^^ipro 
^sterei *ff?RT*f to &s* to^ c ^ «imto §c*rs$t toji <re 
ctoh to \ cstt^ czffas S^retere *k*iji fT?n &sf w 
<ptoj, f^s^ - f^^re ^1$ to '5iT s repT«j >iy[TO>i fa?^ 6 ! 

to 1 1 ^ srerarei s^rei >f\?5f^ *fr st?j 

^hrro (Intensity) yfsn^nTto 1 *p©arc N *?*r csrafo $*f?T 
cto toe® wto ^pr^to *rcqji 53 *w y 0 3 $ 
toe® tfi §?r ^TO<T ‘tor (Amplitude), viszm 

iV°o | y Q | 2 

»fi^TW m m v£j#i ‘^nwrato (Statistical) rwn 
to* 1 


7'10: G<*rtf®S?tfa ^SW *tfto«l 

§ro?r s^toI affow* *f ^faro to 

^Sf 5f\Ts^ ^re 5^, ‘’ifts SR 5 ?^ ^-TO 5R] 

n5^j5t JTsfl^ci (Differential Equation) §gT?re **] 

■ ■ 

2TCTOR 1 $f[*TR csnrSsTO (Erwin Schrodinger) 

3tfa«w TOta*! s>gT?<re to^ 1 tosf ^ ^•jrot 

.v-f?re ^ifre ^s?(csf^ 9ito ®r»n ^rsftm 


e 2 ^__l 0 2 ^ 

0,r 2 ~n 2 Qt* 


(7'27) 


^ £ 3TTO C* (R>R t^^re srj^ >f?fc| 

(Displacement) <w u ^sw-C**l 1 *?*r ^to<T ^ 

V v£)<R ** X, 3=tSIC?T?r 5T^ ^Sf ?*C*fr© TO*i 

srstc^to ^fftwto ^?r tot to ^ to 

if/ = we 2ltlH 

W = y{x) c^ C^5R toe® ^TO3T to^ 

(Amplitude) 1 TO x ^^Rr 1 
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*1W«l 'Q 

^T* “7y = —47 t 2 v b ^ = — 47^ 8 v 8 ^p£ 2,^ll,^ 

ot 

(7'27) c«fc^ *irasi ^rr?r 

<i V _ _47r 2 v 2 
ctar 2 w a y 


^IhR ''SWSK^^f w = v^, ; *[\s<JTC 
dV 47T 2 

S? 55 ")^ 

*fj 3?r 


(7-28) 


^_ h _ Ji 

~nw~ V2m(E- V) 


(E — V) 5 CB 5 9lfo*tf*F ; E i£W F ^ 

*f«fTOT CTT5 >4^\ I ^WTsS f^o*^ 

F TO 3R«*H .r 4<T fc*ra, srtfrc V = V(x) I sjvs^ 
*rsifo<ro (7''28) cto^ *ir<3?n m 


d z *p 
lx^ 


4n l 


W 


2 m(E — V)w 




dV 

d* 9 


+ Sj ^(E-V)r = 0 


(7'29) 


(7'29) sfT?ff*F (One Dimensional) $rf\o<i 

CTO SCTTSrf CJSJTfe'^R (Wave Equation) I x-4& 

V *iftrc$ro *nfafe* WTR1 qrroi (7'29) sfsfto 6 # 
JRT^oR ^31 3T3 I fesiTfff^ C*I»CS F 4M X, y vfW Z 
IHT^SOT I $CTO CSflfe\^R JpftTO ^ 

V\+^~(E-V) v = 0 ' 




PV=8V+ S V 
Y v Qx-‘ + dy 


aV 

a s 1 


(7'30) 
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7*ii: c^m caltfwtt* m\w\ 

5J$jC8Km ^5He[<T TOJ feswtoffer 33 

2 

V = V(r) = - — ; 3sffa?rc (7’30) *fTG?n m 

FV+^tfi + f’Wy = 0 (7 31) 

§*tcsrar 3 WT^T i r <t^t?t sn:^ ^rofTui fora i 

4TOT C*R*I 4$ wwt'13 fvWTSyfrl *[mT531 131 C3U5 

to i sritaacro win <ssr wm arareR c*r w w 

43 *r? 91¥ (Derivative) afo ?3^F5 sfffsrs (Finite), 
(Continuous) 43* qh sit?t 3*asr (Single Valued) TO \ 
4^3fa ‘^hn-*^’ (Boundary Condition) 3T31 faf*fr?3'© w <& 
3®n S3 (Eigen Function) i C^H 3T3 C3 

sfosrcsR a^r^ cto cst?®to 35ffo3Fi3 4^sa *ftsn-*i6 
mi f=r*frT^\© jrwh wft to 3*r && feswtersr ctt£ 
»ife E 33 

n—u— 27r 2 me* 

^ — *~' n ~~ .. 2 7 , 2 

n h 

4TO « = 1,2,3 a^fo *1^*011 sjefa feSR&tffa TO3J “ftg* 
c^t?t ^ cto 5 are *ifer tor 33 i 

3*n C3 \w\ 2 = y*«p faM'S fasgre 

fesrestore ^ 3 * 5^3 *rsTar«T3 i ays: dx $it3TO3 

toj tc^frrfi>3 sra^jpra sraRTsra sir I I 2 dx 33 \ 

C*X£.y C1*&1 CTO* 33 ftfTC'f! M 2 7 K , *nT^ 43$1 sffiTO 
(Finite) sir sfTO© -TO, 5P543 f m\Z *F31 313 C3 OTCT 

3^ffT *£3^3^ ^Ctf|^y}'HTi>3 '5R^TE*R 4^lh s^Tsjso 35T3F51 I 

sr*tj 4§ 3§T3r$i ctoto c3*it, c^i«it'Q 33 33 i 3fa ctoto* 
C3*&? TO r 43S r + dr 3jT3T*f 3 *a?T ^ C3T^ %3l 3T3, ^STTOf 
4| C3TTO3 *wjto1 c3T*hr srrocra 

\'p\ 2 dx—4t‘nr 2 \¥\ 2 dr = Ddr 
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'Q c$ s s*f sfcr *ftof 


D=4irV 2 |?/| a *T«n Sjmfa *^sr- 

(Distribution Function) | (712) to w = l <4<l 
cro D r ^?r c®r*ffo3 cwr sjzm i <£i$ Tw 



fra 7-12 

5$tgtBR *rasn«i;a s m ^pri csrotac;*! i 


«CT C^T^l 3TS CT 3FT*JH (7TC <? IW<T *1® CT*B*OT to 

STOW SJTC^ I (TITO D C*ITO ^ feeWSfa-CTOT 

*r<* tfrit, sttst ctto D *sr c*tto ^ sr? ^ i foa c*rre c*wi 

STS (71 CTW cejre v£|#l ^C<? fS3*r £S I 

^ CSTS C«IC^ 2JT^ WM5 SJTSTPfa 3RH 

(r = o 0 ) *iroai sts (713) to tc^ik csot fa$to 
fSZRR^f CWT SSSC^ l « = 1,2,3 CTO teswd!? (TICSS 
’BJTS'G ^ | 

osirfosma v£w £t<i to 5$c*Fto, tof a^f toptow ^ 
*®?W s*ito’ (Wave Mechanics) si CTOHfts s^ito 
(Quantum Mechanics) *pjp ®TCS af®to to:? i 5F©SR 

$$ sjjgST ®S$S yfT^TWI CS SI ^teBTWR-^ 

*rri®P ^rthr 3tffo sjtsji snn sts ®i srs, srfitos w 

(TFSOT $T&T<3 d$ ^ 3WU SJTSJ1 *31 STS I Sf®2 
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s^eto ^ erc?n^T s^ro sifs^^rcs 

^hp$ i 

7*12 : ^TSnhT ^•jft’S 5 *! 

fesreters ^ssrktos sristto srasifop acsTSTR acsro ^?n 
3S I 4<T SCSI srtlOTPl *(3F**# aCSTC ^ 

(Electron Microscope) m*\*$ sc*5?r i 

^<fto«i scro ststcsj f s f5 SfS atssto si%fas aiosi 
^rr?r i 'srervpi s^?*et *&*« (Datailed Structure) 

totcsj a*pto *[?r i ^sHws torc*i S's stfw 

ss, csfts sotsj cto s^s Ms sri ^ ss i 

toeto ysm to^ sjs^ts ^si ss i (7*9) s^ctf 

TOST CTC^ CS $nC5TTC^<T X SS f5 33, ST^TOS tofJR 

^s^cTO ^\3 C3*ft 33 I TOT3«1 Sf^tTOS CTO tos*! 

^msfT^ TO*TTC«F3 ssSSffrtfJS SSSTfa^ 33, TO^ S33* *|Jr«ft33 
sre 33 i srasac^ ^sres ^sfMj ynsR ^tc®itc¥s 

s$<?rts $tot ^<n csre *nc3 i 10,000 cert fa«s-ac®PF3 
toi *u $'£ ^3c*i 10,000 £-csi *ife s^r to i 

^ratos (7*14) st^to *t?$? s**f3 fesratere 53 *Wj 33 

y_h(l — e V/m 0 c z ) 

V 2m 0 eV 

= _ 6*6 2 X10~ 27 (1-107 5 X 10 s )_ 

V2x '9 11 X10~ 2 8 X 10 T xl*6xl0" 12 

= 0*12 

fa®<T ac^c^fs 3T31 teswfeiRr *fl IS *53*Ml TOO f5 

33 1 sns to^ srols tors®! ^si 

S3c$?§: frtfrc ^31 sis 1 (7*14) to 
^StTOS WT C3Stf&5 CWT 3C3C3 I (7*15) to 
tc^sfa s^stTOS ^TCSfl^fw tffSR 3C3C3 I tot3*i st^tos 
<9pf[ ts^s fsM* srto atssr® s^stro cstw c^s 
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^31 53 I f'«®fa 5TT5TWI 

C^FTTOf ^F31 1 f'Qoft CSPJOT3 ^TW 

TO I 



ELECTRON '^FINAL-''* OPTICAL 
MICROSCOPE IMAGE MICROSCOPE 


faff 7*14 

Strata ^ c t;^1^ e i i C, O ^ E teifa toi 

«ic«n s^rra: aif&cr ^w 1 ?r cst*^ ^ 5 'to *31531 

C^i^’C 7 ^ *TW *C3 I 


(714) fas WW C*W 3T3 C3 *IT®3 F CTO^ 

sHfa fe^wsfagfaiCT wiw te are? (50 «w 100 

fo-c«i) soro to A sraires Tot ^<n 55 1 «nrorc® 

c^ito «nc»f &»rafc^faiCT fa® (Grid) G to ctc® 3?r 1 






fra 7-15 

So'wta ^«r?fl , ¥c«Rr snwwfra i 

(fcjfcfc&fc ws, fsi^?pY?Jt?r faf®i<f*r, 
*f*wT<Bl, TmrrWf^i faster, 
Sft^c^tf’t at.W* cjftsfro art®) 



>*- 




* V ' ' Y v *^ v ^m ; Vj Y$* 

6 f t ' v / '•■ .v Y}'W \y y \ ji( \ ^ * f 't 

AV'• ^^1*'' "*, . ' f> Y'-v* 

KY , .a-.;*. *S'& *. •.. * '*’• . •:•-.* 

h^lY*^ ■■'-■ ^wSWCVrW** ?■> '^» '4, ; r -■• •■ I*'.!.".’' ■ “ C A i» •*£ >,J j ii ; Y^T Xh 

U\ ' l &•' ur*?* V H * id i--'* d' 

Y*'*j»i-;\‘. 7 t l rv s . V- ?• .y/ ^pu_%y ’.«-. • ....*•>>.• ' Y -^ -; vtYr'V y*w'"- • *"• 

Y 7,-rvY-vY.Y JK v-' c v.-;vv.:-t; \<* y A? **•'*'? YY'YYV' YY^Y'v'; , y .‘->Y' : :..,. 

w/7 ','■*• . , ,V"‘v7\t,\\% . 

.»V*';X , ‘ Sa.,'- . - '^•..‘.'.>V'.v-’'’-., 1 fi&Zit '«' 4 •; ■■ .i" .’ v>-"5 Y *' 

V ■ v -.:;;,':*. Y^'Y'-TbsS ! . iY S YV■ 

K'V;^o** ’ 

«*>*■*•£ tY' * 


7 *V* 


. r 

•: ..^ ♦*? *,j£ ,; *fVv ** V '■' *% 


••*? YJY Vi i-;^ *- ■..'••*’», *»'*;, -»-V ... .' " : ' * £*. -V V- 

■iAvi YY -i *?" '- dd^d • “ •>•■' ^ y '- x ' ■* 

*'"**&*- 7?A* v > - 


'" ■* £Y 


fss 7* 16 

tprofcr wwi *t^» ws? T 7 

DNA ^«i;<i sntcfraw 1 

( JJ|?1 TSTS. Wffn- ^fsi^t^l. fTSfM, tC5|5F^ 

■n+fe’wnraKtfvf rf>Ti rjrVsfrw 2ft'^ ^ 
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? grass fa«s to atss^ 

srs, sr«te feswfisr sfais ^hrai fa^fa^ *?n sts i ^itc^t® 
ssC*I3 §*TC33 vfl^te fa5 ta *lfe*lT*ft «T*RT fatfF 

fas^\5 5£S C C&ts^ C^RiS TO1 (Condensed) 5J3 

asfowfa S f^T^f*fsr 3f3 (Specimen) ^n<f 53 i faw*fa 

3^fi> *[3 *H^9!1 5^31 *f3^T3, ST£s faE“lS CTO *lfay*RI ^1 TO 
fesRsfospS C^?fo<F OT TO fas^u 5Co *TO I fa8^« 

^i^fa’jeg 43 to O ?&? 5 ^ to csfa$ ctos sj«ii Ttot ais 
5E3 ST3 I ^ C5fa?t*Rrf& s^stTOS sffeffPFj (Objective) 

C5FTOT sm to to i csfa^ srferaro mim 3^3 
srajs^sl a?<5fas I 1 ^ 53 i i£)<m<r 
E fef^s to >3^ c&fa^ ctos sr«n te <£& csfa^- 

CW TOSTC ^ptTOS stfTOC53 (Eye Piece) *m TO TO » 
§c<?i^sfa sj^tapi ^rs^ir ceto cto* fa*r*fa 

3f3 cs &33 (Final) af^ofas I ^ to, ssi 53 a?^a<» *pttst 

fe*ra s?^ 53, to sqi 53 cspitfrsnfa'? cmSs ?it5TCSj ctffai 
TOTOfoa a^ 6 ! TO3 sis^i «(TC^ i 

(714) ter^cswfiJT ^Hcro c<mta<r TOTaifn mm 
^Hctst «^55<3 airfare scats, m totcsj fesrofc? ^Hra 
fsfos TO*ra sstfa«rr®ft ^n^aita csnn sts i 

cats^ Icrofaqfar ft aste^ fates - aart toi c*uU* si fafas 
sre arcs, c^tsfsn a*tf& ^4 fas ^ &Tta ( < 10" 5 fafa Hg ) 
3T*n 53 , sire scais toiss^ st^s m\ cm*\ si 

fac^a fccwfta 53 1 

(716) faff ^^Efa-^3>OT3 totcsj are 4sfi> fa*f*fa 3^3 
aM3CS3 5C3C? i 



8-i: farc#*^ ca«i; fsfeifara 

4¥«n 3jT^«T5 e*r era mj3 mm fa<f S 5OT faW 

TO3 *ITCTO jpjp^r (Coordinates) srR rai 

soira i era §»i?r ^ *W5 <ro rac^r 

'SR^TJT ¥<n TO sfo ^ *f?I*TO3 CFGTOI W 

ra^iro iRim 3rarara?r cto ^ sum to \ mm 
TO5 5R CTO <pTH mfos <ittos mm fa«fa 

5C*T i£m ^ mpmi 5I^9W CTOTOI CTO qTSRjfa CTO 

faW ^ rai bctor i q<ra mm Wrara era 

TO*H TO CT0H1 ^ CT qfa TO3 TOI 5RTO 3TTC5 I (7$W 
TOra *f??rsue*i ^s\m cm fcsw mi ^ fa i ^ 
*ra«[#T 55, *fasu*f ^TCTO^ §CP5 $TO OTRR 55 I CTOT 
WaCTO §TO era *ret5RT TO^H sfo 55 I 

to toto fae4*t ra* 5i«5i ’Rro faW sumrtos 

mfsfsre 3m« mts 55 i faW» TOra*5W 

m* w w-sim siTO'k towi e5 c$t*t 5®5 mm 
to^5 mi rai ^ i faM srera-5m wgfara w 
TOf-sfTmrk WTO 5m TO istfft ‘faofa* m’ (Frame of 
Reference) I fatfa? (M% f’STOTO rak faitePRI 

(Observer) to &sf eiiOT mCTO cm 5^5 m era ‘c®te 
wta* (Physical System) afo $5 TCd 5 «Rra k«fe ra 5S5 
55 i 

fatf*ra cm si sre aTO i cw rarai* fcas to? 5 ^ 
^erfihr srcra 'Q nf^si ?to 5 eresw ^ ra^ro 

5TOT9T TT^TOm 5% miTO fi#n ra TO, 3UTO ®fH«l ^ 
fTO5 er«5I5T « ra^eTO JfvCTO ’fTCTO'Q Trc*t*t ra 

to i s£ era TOm aWsR? ^rk^t i 



to*r 
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toWCTmi CT §>*TC3T'O t f*TOt*r^ CSiR 3TTC*fCT» f^T^R 

m& I CTO *\hUv s^R ’^HT^fera 5fC«fI SfTfato 

*rto Ufa *?n 3R i 

$?ot cto ^ fi^to c§r ^sr nrra <r *itc«w 

*Tfo“ifa 5 $ i sn:«ji 4^to *\U ^mi f^-c^sr (Rest 
Frame) ^ to, 4<T >nc*ir^ SR] c§Rto 

efT^cst ^ cto tofa^ sr’sh snw<3 toto 

?ito Tto *?n wzv *m$ i cto *rc?r su*i tos 

4§$T§; *IR R<3?n S3 I- *ITOR fa5<R*fM <£ito 

W to&R ^ ^ I 9tT©fa C^T*T ^ITCsITSt to $3 SRto 

4to ^ SR’SH Ufa 3RC\s 5H ^T5C«T to*? 91Tto sftCT 5RSW 

*1 

feto CTO3 ^TT^Tsri fare TO I ^Tct ?nto totof 

®» 

3R, ScTTO STOT^t stlto TTTC’fC^ cto<I C^ Ufa 3Rre I vl|| 

CTO faf *TR<I ^*f?T tr'QTSSIH C*FR fasto fato CTOf CTO^ 
TO I TO®I i£l^ fato fato^TO *fCSf<T *KTO CTO faC'to 
CTO3 WfC'SF tosjT^f *F<rre TO l to5TORf3i*[ S^s (7TCTO 

10 fato cto *p*m ato ^iTvst^ 1 fato/cTO^ cto to tor 

<<ito cto ctori csito srrtof ^«n facTOi «rii to \ *rai to c*r 
CTORT^ Sflto to3 5[fe$W fasSTOffa I ^tos 9tT^k &TO 
TO? 5 ^ U^^ PISR1 9fTv5k CTO toTO *FTO *(TTO 1 fato to 
CTOre I ?<P^ *IW ff'QTTOIH ?^T?ft^<P C^f ^fTC^T 

11 ftifcrcr at® wz^z® \ ^rat^Fia ^«n ^?n i 

9TT^^ fa#3£<£ ?ffpf cfl^ f^f\cW[m §PT¥ (Verti¬ 
cal) ftfPF 9IT^ Sf3jc| 3TC®?TCg fircapa <$i^ W? 

c*f«n^JT ct =rof& Tw ^¥ c^^n m snftror i 

C*R»T ^?r Sf^®! ^sC^R '»Tl^ ?fC«1^ C^Cff I <fl*ITR 

U^ftm tfi&i o asnn ^*fitsr® ^ t ac«r 

Jf'QTSSfR U^tW^ ^KZ^ to SIR 

^»ri& «rf«ff?5TTO (Parabolic) ?ftc5^ to aimto 

TO to ^ \ cm TO1 

WTOT fafrw 9rf«5p SOR TO 5SI«f^«f Ufa ^Us 
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awg « cro* *rfmr 
•tor i to «A?r ?«m?fte a?rM$ sfa *ri to, srsfrc am *t«rwh 

f*T?ffaR srfff ?r°T aflR ^a?f S1&©MR fift^a <FR*T, 'oR 

SIR 5R *IT?TO tes, fof 9tT®t?T §a<T TOto 

?R?ft^C^?r SIR TO R atos[ I 

§aR3 ^rrccu^Ri ww a^tow ^ r qto totc^r zirfm 
to*ti ^T?ft tori ac*R §a?r tortor totaro to toto ^z 

aT®t*f 3sa3 TO?*?^ totow 5*RH -Mto 3C<a SIR $1T#?[ 
TOTOk ftosft C 5 ^ fca?ffofr^ to TOT CTO TO -I Sftfrc 
to tof*W CS^ a?^*?fa ^rx4*i^ C^SI 3^1 ^ a* 9 # TOato 
(Relative) 1 4<?f& to <$R3 toto 3tR toi torT st w 

aTRR ®!T^R3 ^13 TO 4^f$ TORE*! a?^*?fcf C§R3 to 
TO3R, ^s*R $T3 aFF 3=31 3fe CTO CSNffc atofta I TOT3 

zm W aro^i afo»ffa ^?r mz to'k cfaft to «itr ssttot® 
to 43^ wm c*r*n cw?r 1 3k sm toR^i «w pbtcvd 
*pp TO, srsSfa cato afo (Accelerated) 3R, ^TTO 

to*ij TOTOk ’fif cron as3 cto dfaft afo*fta 1 ^5 ?uz tori 
35TCS aik R ^ aiPaR?T TOaW asiRCa atokr ?3C«to C3R 
asnpiJ (Equivalent) 1 *fto C^ZSk fc&>R3 atop^a as^TR 
src^rrsfi 1 *rt^t swton s^toT - 5RS5I 3 ® 31 wik ato 
to&Ra toi toito 1 4^1$ m to ams 3353 

§*fR #-?ffRf toFftai 33f F 3k ftfRS 3f 1$3 iv ^33 
TO, ^T5Rf fi#^R^ ^isprat C^f^l TO 

mlv = F 

^^tr x mz *m t ^sr w«rt cto atom 

cg^sf toto?r af^s^sr ac?TN ^<n to ; rsi^ 
5W amfl «mi asiRm toto «itr 1 ^ to 

ifiwft CipST (y, y, F, t') t^RRl .TO TO *5TTO^ 

TO^(?a ^TOR? Or, y, 0 CTO^ TOSjfTO ^su^rsT ^Z && 

crora JiTcw xA*m v ’wwi'n ^ cro?r 

TfTCaW afato RR f^sp ’TOTR^fffR *fTO?T TOI 
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Si’lTas (Transformation Relations) c*r*n STS 

( 8'1 feff S'fol) s 



3 *;x' o' x' 


x 


fsir 8*1 


x' — x—vt (8*la) 

y’ = y mb) 

2=2 (81c) 

t' = t (81 d) 

(81) TOTPTJ (x, y, 2 , t ) CffST C«fW ( a *', y\ s', t') 

cro arcra* i (x, y, s', /') cipr «ot Or, y, *, 0 

,ar=y + ztf' (8’2a) 

y=y (8-2*0 

5 = y (8‘2c) 

* = t' (8*2 d) 

vflTO? 1 5SSC5 CS * = 0 f^TCHs* CTOS *$HTn^- 

W^felS (Origin) ^ >PIT^^5 (Coincident) *rrc^ i 

(81) (8*2) s«n ‘^nfawa a?*fraa *rwtaT 

(Galilean Transformation Equations) i 
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JP&TOI (81a) «W *JTS?n W! 

x' = x-v (8-3) 

(8‘3) 5*sft^?rc*Rr a*F cro cro* to cto cm r (Velocity) 
to i strr ^rsftaq (8'3) c«rc¥ ^ir®?n rt?t 

$ = x (8*4) 

»[TO* {x, y', i') CTO foot* #5^5 cro 

nix = F (8'5) 

cro “nf^ TOfswfi&o m® i 4<r 

c«ire fjRfra to *rra c*r frrc»$pR *Tfa*ft=T 

$*R, C*T CTO fi^T»R CTO 5?f I ^o^T< CTO WfcRF 

<a^ff> CTOS SIWJ *r°Tfl 'SflTO CTO* <a^?£ 3lfaRf *RHl 

TOR, \5TTOi *RfapT3 W*\ «W ^R faC^TO <RRf& 
5lfts*ifa R V51 RT?KRJT R I ^TC^T?5^ 

TO fac*¥*f TO<T *Rfaflrf& srfcf <a$fi> ?RRC?f 5tfss*ftffT laRTCSflRS 

sttto toto stcrj to to, ^tto nstarc to cto totcshtr 
TOt TOCva JfTSIPR R1 OT C?RlS stfvs*fN <^t sfl l TO*1 
fafro ia^| *rVi ^to f^frr ot *ro crc^t lacsnratsR to <a^ 
TO *TOT I §*fC<T smMfcvs *RP*IE3Rr *ITt<OT TORC*! 9lfo»frr 
OFf’jfalCT ‘®f®-C3R' (Inertial Frame) sTTCR stf<5^s to 
53 i TFTToJT TO?TOT3 (Classical Mechanics) sp^fer *R 
Sf^’CTOf^ *R«TW SKRTSH 1 ^TTO 3TO Sr^GFCSRT ^ ^Sf^I^TC^ 
(Equivalence) TO S3 ‘fafcfcrc TO’lfTOgRR’ (Newtonian 
Relativity) 1 

C^C^^ SfTTO 7R ^TT? 5 2'^ 

to anfo, sn$Ri *r *R?r ^r ?pf?r <r *jfarct <r cto 

CSPft 5CPS W^-CIR 1 fo( v*ft fws ft* to 1 

TO®1 <J?SRt SfRR (R&T TO ^»fk I C*RRJ ^rc^ 

5R5T <a^i TOwtw to ta to i ww 

*1 

5R apft TO*P"ft»I CTOf TO, ^ICTO Rpt ^1 | vfl^ 

fJTC^TO dP 5 !^ 5 ! ®f^ _ C^ s f ^5 ' p tTCSI *T1 I ^R3[T??R C^tCfl ^R*IT 
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to s^str ^fto ^ c<r*ft ^ ^?r r i 
toi stsptrj *f?sr% TOire sees 30 fTOiftor to crow i 
4$ wn ^?sRfa ctos *$5rr «rcro* i to ^ fam 
*PTO *ftot *T1 ^?«[<ft TOST C^R OTto gf^-opsi <T<?fl 5C®f Jfl | 
fa&*r fac®? $ fen i ^r ^ to r $irtc*i r 

to ^rai-sf'Qeft^ (Fixed Constellations) c^ m, 
wt *rc*m troto ofi$ sm v&s b^-csr \ *m*\ *s*rto 
to m*n to r c^fa st^rj *?»$ toraw «nw i to 

*R^ ^ BrRI m CT *& wtovo to OTl-STtoh|f»l 
Slfvs'TO to =7?r I *jto CW TOftKI TOR BRJ v£^far '5fT^TC*f 

towsra to cm 33 i tof ^to *& topper toot 
ntoi *fo ^<to<r *®r^r to toi asses i stog c*r*n cto 
ct tto ^rai-swMhr ^Tto *p to atoto ss i a^Rft 

to! totom *ro 4$ srsi*a afato toi acv£cs i m*n 
toto <sre to jr r turn msrto sotbtr 4$ c 5 R${to 
*ncaS¥ W&ijCTO SfR fito mT SR ?*TC®T C^R 

to 5R R I 

to satof a*r cto ^it?t ct c^r fasto csfto af *a ®?© 
cifs to toi cro arar ? awrc sftsKR *fto to s6sr 
•FaRrteT C*TT®R frfCT smepiB to^to (Albert Einstein) to 
J£s?T siTCato^FTT? (Theory of Relativity) toto TOT l 

8*2 : ftoto (3R ; 

tom (Interference), sito (Diffraction), swto 
(Polarization) ato aato CTO atosR o cs ^TCTO TO 
srto msp i toTO *TvsT^ft<i ^ *r»r^ m«n 

tor r i£i^ ^s^sf ®?c^r ^sp ^ »w ss^sp^ wftTTfhr i vg^^i 
c^ c*nw bri srr^icsr^r sotbr ^?r i 

^vsWT® , ojic®iT^ ^3C3R BRIO 5JT^IW?f SOT'S? 1 ? ^?T, 

v£l^?ffa 'Sp^TR <P^1 3JT»T?W I ^STTCoTT^ *R 5?5f?t 

afto (Transverse) ^r, ^rrora f^STR5 ®f?TT sirr ^t^r 
SOTSf^ l ■£[ *51$ TO, CTO^ WPRf ^r^T (Longi- 



272 i <3 cw ^ afara 

tudinal) *n^, ^ssir i£& totcsr (Rigidity) 

tota n totsr \ && ^T*ato sntncsR ^ cron ‘^ir* 
(Ether) i <Rts$ to*ir* »fn w* ta« atorc to, 
3f55K ^R wi (R ^R torosa (Universe) srwi 
3iT$ To «(TCT ; TOT^I JRS a*rTC«fa «FSJTO0 $m WS SITE? i 
i£$ R^nal 3%ia ^?n §to ^i ^=^r wi 

m i cro^ tow <r*t $m siwrcw Htoia^oi w tow 
sjgarcw >rsrr^ ^ cro$ ^ncro* ^<fsf cwita, 

^TO<T frstora^vsi <r c^r afato ^®?t ^RT5 wq*i <R*fl 
»w <£R 5R^ aT?t sto*ij ^'Q?n i <£)^&a aR ^i, ^rfvo 
§B& f*3fvs*$T*[^l i£R* aR ^«u TO R*as? CTO 3T3R TOR ^R1 
^F31 ^fcR I 

m§l aaire Um ''ft snif^EM (James Clerk 

Maxwell) totow sstoswfa ^ fegrf^o tor i ^ 

TOTO* aTO ^©togwfa SsiTSF TO 38*R1 TO 3R 1 
spfa ^TOR TO5F 5WS ^ 5*o TOR*fta v<W C&to 

CTOR TO* I 5^ aTO CTOR 5^3 TO>R RTCriTCTO CTO TO 
CTO SRI TOT fa®R ^ TO I (Heinrich Hertz) ?1TW 
errfR toflft isfesa ^gfip^phr tosf $w* to to^r- 

TOHTO ^SSp RvsJ<51 2Rl J f c r5 TOR I as^sl C3TO 

^RSF, cfcfatoR, 3JTTO fa to CTO vfl^&a OT3 *R5lto 

aCTO R^SRfaf'T's I SRPPTTOtSRT ^ fcgTTOSr TO «u^RJ C*T 
sfclTZR ^a?T 43 s aTO T^T'3’5T 9 f<P ^RT^R sj^^TW 

5?T ^TC«TR ^sp af vsac^ ^5?, STo^TW ^“IS 

Y^SIfft >R1C®? 5R I 

Sfnf^'QCPT, as[«[ fTOIJfl’lPRT «R»II *JR«n to <R TO51R 
^tosw^r ^csf?r f^®TR5 toi« snuicw torr 
^? r, w ^toI: (R £& srwpr tow ^rcw toj a^to to i 

^sT^T^l CR RS^R SJC^ 1r , 5T 3 T f^T (R t J T^»T ^1^“! Sf^-CSR, 

RR (Absolute) tirofw CSFC5R ^«n ^®^R1 TO?T, TO ®lto 
oft JrtwHt ^«m3R src^ *(m TO?n anR i ^htcw ^too 
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atfresit c$ c^h sjtto^ sms 

^51 CW^lTiT aECT5Rt?T$l "Tsj^ffa C*rc^RT ftc* fap*R 

n»ic^ *F?n 531 * 

^^rrc?r?r ^?fNFT?T srcqj «j?P5^ 

«rftw»pR »*W sfa (Michelson and Morley) 
•TT^ '5TTC s lfa < PH UmJlW 'i>|ijT & i\i T»l%|<f c r$' l 

8*3: *ftW 

v£J^«ll ajfafro (X C^R f s 5?NS s 5T^(^ 5TT*tfCST ^*f?T ^ESfS C^Sf 

I#r??i wire afate sjtojpr «cro f^»?r 1 m] 

src«n »ipri c*m ^ srare ott 'src^m few s?r 1 
<«£ wi<t §*ra fasfo ^ site^pw sifa tora asfNn «i^r® 
TOR I ^PtTsJt^fira CT ^ ’fpjTWTOft' 

5c?ns, ^ ot^srt tou R^*r 1 

aft a^faFT?! *n$w®pR §felT<^>' (Interfero¬ 

meter) 3*a ^mrc *rh 53 1 (8*2) ta *rerf$<r & wr ^*n 

A 



fw 8'2 

^M’sO 1 


a#*Fa scro 1 A»wB^ jrsr *f*fa 1 gim c«rre 

aT<5'^?«i^ ss 1 *rt*i gffo ^ wrora Rferor 


1—18 
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*l?raT«l 'Q *tto 


i »£i^ S caw ^aal 

a?*tr SC yRTsam '&m faW C %& c?ra>a &*fa sn*tto sai 
C csfljfihr 51*1*1 <srca <rar turn c'r'sai «itw i 

aawa CSIIjW ‘stf-ato CW$* a*Il 5 a I i£|£ ^a §*ia 3 JT*fto 
^nOTT^r af*H SC *IT*to <»TCa atoto 5a 4 a< <©Tta 
f^fvo 5a i CA afospto ah[ A itea §*ia *ia^Tta ^irato 
5ca tofta to ( stfre AC caai ata ) 5a i *ma- 

*iw CB Wvs af*u B w’ft'ia §*ia ^a^rca *n*ito 5ta toat® 
?pf^ (^*fre BC caai aca ) afoate ^i AC ^ BC 
aH C csftSa ^a^aa fato 5 ca aifosTa 

(Interference) ^*f»r a^ca, aia a»c«r arere^fer ‘a^TasFta ^af^o 
&qp[ i£ia< snwrofa CvSTaTa (Fringe) 5a i c^RT^fffT 
D ^a^a at*aa toctctj toto a^ai aia i tsf ® ac*a C isa< 
B vfja w C cmSa ^acaa ^Ta tea csf$ 
arc* i (8*2) to catS pwh safa i 

cac^a a*a^ ^faa't ^ ^a? 5 ^ arca *[^are ^fsral ca 
caro sRp'pi fa5a«i aca a’affo ca£ $$$ cac*f si^pia ?^®a 


A A* 



fra 8‘3 

^tosi^R-ato *faHT3 TO’iTcaa *itera +w i 

to fasaa aca i sir aai aT* ca a^a CB are; caroa 
aaraaTW ^ito i afr ^arcaa gtaaa aai aia srew 
^faat w ^aat -sjc^a ara^ta af a ^rac^f aarffo ^ircaa aai to 
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v cto *$ i *fc«t *ff*Rfhr wot faasfe to v cwlsi 
a^TC^ afoata dtorn ?! arc*! ot *jto?i 

^ a^rcsa ^ 3^, ^ ^5iH aarc^s Sfcato fcp sr^a 1 
afr siTiWfTTO ^rra araiw fasraafa ^sp ^ <fsi ^ 
si^to to cto arcs c *r ^itsto tocsfs pjto a^fass 

C cto B a<$ am tot tori tow sttc*TO3 
caa (c - v) to B cto C a^ avrofora aw c*ra 
(c + v) ^ 1 4*ro c $m *twi «TrcarcTO c*ra 1 afr CB 3 t^<t Mi 
^ L C cto B ate ta tot^ faaat* to C ate 
farca $tpic\s TOstrc^ tot citto (8*3 f^a 5^1) 


to 


L + — =2 L 

c — v c + v c — v~ 


^<tr C ww B w*fa ate tar atoto <tH C 
csrc6 f^ror 3 ttto c*r aa ^fesFsr *jtc<t ^t<t Mi sot 


rt 




= 2 L (1 + v 2 /c*) 


( 86 ) 


<?rcs^ v < < c 1 

^asaws *|faahr afoa to C ww A *rta ate cto «itcto 
<tf>TO af^aca* CA' < 3 *n to atow ^to ^ w atoaera 
aw C ate fro toto tot A'C' cto to atora ^to 1 
to to to ca CA to* Mi CB am Mi L-^a tost i v£W 
C cro A' ate cto ^rrc*ircTO CA'/c tot to i i£& *roc?r 
A ?tefte toi AA’ = v.CA'/c 5$ \ sr^a 

CA'* = CA*+AA'* = L* + CA'" 

f 

CA' a (l-v*/c*)=L* 


CA! - 


L 


^l — v 2 /c 


cacs$ CA'=A'C' «nwia C cto sreraa sara aa A 
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atoto mnw C to 'Sipiss <?r m sito* to to 
trti ss 


L. = CA' + A'C=^2 1^-M.ll + g) (8-7) 


^53T\ C CTO* B W A Jf^PW »tto!CT?r *R[ afo?fto 
*ncro *H 5^ ®itto C tojss to ^ ro, 's^r 

tori csm> srfosTO a:«ra so ^ 


L x -L t = Lv*lc 9 ( 8 - 8 ) 

^ CTO R1 «IT<F\s vST^CffT «ITOJ *1TOTOR 
sfT^s *n I ^s^Tn asto ^p&TOT<I 5f5l?r *jfa^hl *rfv5 zjm ®3\ 
TO to to qfc ^Ri to to ^ttoi sfcrc *w-toto ato^cra 
^n D ^ftrosi sic*n ^ ctot^to fafft *m sto i 

too sitot ^ fof snfoa tot m \ jwst *jto?ww 

TOfifop 90° cto 6 ! toi to, ^ttot CA CB to*t ’To 
« itora *ro w CB CA tos ^tostc^ to i to 
sutstre <tf«g CA *rc <fw CB stfsspft 

a«r sicwi sjvs Lv*/c* atoCT tfbfo<r to i *pato 
90° CTO 6 ! ^JR^T TORS *FE*T ^ TO afalTOS SOI 

^Sf-TOTO *lto&s TO 2Lv*lc* TO, TO TO CTOT^TO 

sra*! i cto* «*i ^ = 30 to afo ctctw, 
v a /c* = 10~ B 3? i sntcropR «sw srto *ra>ro ^itora toq<t 
TOflto TOto trtl to 11 fsr^T^ I ^ tolls TO-TOIH 
sir ^ 

0 7 ^t» 2 

= 2 x 11 x 10 2 X 10~ 8 = 2200 mv$* 
c 

»*ft *ra-TOTO TO^S TOTOTO ^TOfrrrtRI SR 2/5 TO I ^ 
*tfWI W-TOTORT SRI ^tTOS *1WI if$ ^tfvsSR C'SRT^fsi^ (R 
to ^ sntwwpR *rc< sto a?r>ra ^itow to 

feci I T^ ST^^I ?RR sn^Rvsi ^crj^H 'S^f^vo 

to« toi csTaT^to c^h cross i TOC??r 



srrcnteTOP? 
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TOO $T*1 ^*1 *fR I <fl£ 3l2F5]Tte SOT 

CTO* su^^epnr vfl^ sifaf faro to*J C3 ijMt nw ^afTRr?r *TC«fI 
cto «m;ate c^t i 

*ra^$7 ^r fa&pj (Townes) tostTsto ‘m’ 
(Maser) totc totct too ^ *ffasn*i ^ sn^sprc w site 
f*lTO CT fa^*f *^T?r gsufa© 3PC?R i 

*nte*PR i£W site (RteTFP SF51 C«TC^P a^faTO 

53 <tt ‘$m’ <tt ’rfsjrtt sTT^icsr^ **toi wtot to ^s to 
cto asm aT'S?n sejtw i ^<tr sNtcrt site ^ 
tot to CT<3?n c*ico *ro i c*r 5?w facte cros 
fa^fate to laptfroR to cto ^te te: i $$ *rate 
wc? too asnte ^r c?i tottos fasfacro facte cros 
ste fa»<r to =n i aspros *ttctof ^s]^ *i»9sj ^ ^ 
facte ClRsft TO?JTCTO c 5 ^ 3 =isih ; $$ cw c = 3x 10 10 
c>rfa/c^co i snte®pra ^icra »f<ite CTtere? sfto <^£1 
<onji ctoto C5«fr to*t i fafa si^ro to*t cn to 
CTswra Settop fac®r<r cte facs to i ^c*t ^tet »w 

^to?i cto *rf« *rcn to ?n i 4$ si^to te tot ^ 

ate<T f*TTO *|tet W ^siTOS SJC*H fa|$l ^TCa’te sfra sj?n 
*fv5C3 *TO I C>r®Rl vsTSl &5 a^C^?l §*[$ $TCRl *ratefc *pl?l*{te 
I fa^ 4CTOO tel ^ifaTO C®TTO CTO ^«l C^^fC® TOfa I 

8*4 : 5 ^tW 

Itetf c?*n c^m w fa^fora fite^far fa^tef 

sncatesTTO cto tot i c*TO^ (Lorentz) to* 

V5T5 V fawfat asjjc] to^T (71 SHT^ITOCTO ^pf 

snrf^o^ Trsite®!^ (81) <5^ (8*2) csict 5C«t i 

^far te cto fac*ra fact»r^ cto *vsi tot cstcr (Rom 
s©TSC*i cro^ ^Tcac^ ^sr^c-Ji sttefto qri ^ te»r^ cto 
smteffioa <rtou ^i5ft^?f«i c^jnesr ^aTste 
to to i sfn^pr'SRrceTir ^fai fa^^?r sncnteTOw ot 



2?8 




*n i faDfa* cro sjiFpT'GC?ic*RT to *i<n c*nss 

*10 ^©TC^P ‘53*1 GyR’ (Absolute Frame of Reference) 
wm c c f'Q?n ^t?i i rpos «u?r«n c*r ^sir§: ig§ 5 ^ 

W*i^ c§R 1 sn^wspR-siTsra *Rjtorc a<r ^io?r 

CTR <R3?n f5®I R I ^1 Rtff'Q 4<K f^RC^T^S 

(Lorentz and Fitzgerald) RR^ sj^TFt 

TO^T 3T<T 5R1 ^[TBR CTO fcO'Q r ^Rl SJT^epR- 

srf^RT *f<ftw tftf Sp^T ^JT^Tl ^Jffo 3R«f R I 


SlOTST SHo^Pf <51^0 ^SfTERT ^TC*fC^ 3R®T =?®<T Ml 

9 rf^?r r?^*i f^| af^RR R^fiw 50 ^rr?r 1 «ifff c^r <t 
O / 0 , ?P*R ^ra S<rtfR 5 RRETO 

V CTO *5|f^5«ftsT 3$, &!^I 3[C?r 35TT?r 

/ = / 0 VihP (8*9) 

v£WTw p = v/c m oti v£i^ siotto ^<?n o c^o^- 
fafl^^rTffT© R\C^T5R (Lorentz Fitzgerald Contraction) 
sra^Tff 1 i£i^ sre^T? R*pro sn^wrappr-stfsis *ratara ^jfoOTsrow 
tor w *t$J& »fW?r tototo =$i?*rs ( 8’3 ta CB 

*J?SRk CTOS ®RT *K$fo© m TO, TO ¥C?f 4 S fa%] 

L Vi — jg^ 5 rt ^tt?t 1 5?^ 5 Rtwi ( 8 ' 6 ) rjjto! CB 

3j^5 TOR 5JM TO 

J ' = 2LVl -zf/P __ _2L 

1— v 2 /c s ^1 — v*]c a 


Rsfl^ei (8*7) w c*f*n to cs w 

sftsspit *ra-Mj L z as^ros rto 1 ^ acsis toj w 

CTO TOTO stfC^ Rl l ^FC5T 90° C^TC 6 ! «H^oOT <p fC^'Q 

c®rar*|t5Rr cro ^11 

SRWTO TOIWl ^T^r 

>nsif?r^ ^rc^r ?wi ^?n ^ 1 (Albert 

Einstein) ^2|R ♦Rft^RT ^ f^5T?I 

C^f^lTR W C«tTCR^5T-^^®r^Rf5 2f®T^ ^"C^TR C^ltt^ 



sttotows tore 
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^?r i 4C¥ 4*p$i <retto *r^i? 

lift SR?* ¥S1 m ^i 1 

8* 5 : tofa ¥Tte*ifiF¥tot«f 

*$ ^mz% cwi w jut^gbifri 

tofafa 3nC*lfo¥v5reT*F WUt 5^ f{l I 3T*R[ *(C¥ SRTSR 
3<rlton to ^TC^to^R cm OT I *PrTto*?JR <fl| ^ 
toTPre csrito ?TOnf«r>5i tore ¥<rc^ wrefa 

tosmtofa to^i *w c^i to s 

(¥) ^<nUm ^rcara 4 &K sto ctoI 

^K’fto'SreR aCTT«rJ I ?¥f suppera®! toto ^jjrsjfer to*- 
£?¥^ >rf&¥ ST?r I 

(*0 ^«rtoi tofts «w tosprto stores, ^ ctoI 
3nc*f?¥¥^reR apnea i f¥f tofo toto jp^to 

*ttoto vmm i 

Sfto^to to 5PTTOT?re SR*fol ¥£*1 to ^¥Co *fTC<R C3 *m<f 
fofJTST tore TOW* to^yfiT ¥<TEs OT ffto *to| 

¥¥C^ I ^¥*fl 43 TO to$to ^TW^^vsiRIOT? ^Ofl 

STTFtfa^^TOT SCHTTO I 

^ntoto ¥C¥T ct snlwspre-sito unitor tore 

$fr[*TT?f[ ^TTC«TTC¥¥ C3?I 7R ^v5-CW TOR 4lt> 4¥fi> <?to¥ W 
toTC3 CTOT to 5CT I ^T5S*T to’TOS TO*t TOWP! nfoto 
fa to w^-cipw tofsre ct c¥H c3?f to —fitoto 

«nC 9 fto'$reTPRI ‘ill tom toOTT ¥3C^ $$ 1 ¥T<re to^s. 
^!TC5m¥<T CTO lill tom 3CTOJ ^ I C*f TOCS ^1 4¥$1 ^J3 
SI’fRto TOST* to I ¥13*1 totos ?rf® sjffsjfal $|*Fa STOW 
ssfto ¥m scs tos totto stows csfito fto 3c*?i *p(h5 scsto i 

¥TC®?| 4?(faTC¥ ¥3T3 stf 5PS ^Slf^TO C¥Cff «fl¥^I ^?f?¥¥ 

to=to i 

^^06 TfTCffT to 5^551 ^TC^to^T^Tff Sf¥lf*fs ¥C^^ I 

to vfll ^ ‘tora «nwTw^RT*f* (Special Theory of 
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*R1R«1 <3 <3*5* 

Relativity) RCT RTo I ^ sfrfRCRi fefere fefe $ra ^ 
Rife'S I v£l^ ^SIH ^ TO5 8 

fa) *RP 9 IBRT RCR:^ *P*fW TfRrf ^ T^t?f*RF CTO 

*RS c^fe TO I 

fa) C5 C^PT-T fRifaR CTO ^rafeo tew ?$? *ffete 
CTO ^TSTT^r TO I fasifew* CTO3 §*ra STOpnOT* 

CTO fe»?T TO R I OTOTR ^PRT CTORT fc*RTQ STOTTS CTO 

feo?! r i 

SITRo^feCo ^R^T^FR SfstfST ^ 5 IR^ §fe*itf 'STOTfes 
fa&te ^TW^^T^TPRr TO CR*f TOT<3 iflPET TO! CVltfaR 

*tT«fel ^TC5 I fafcfa i£| 5R ^TT p P c f l>RI te*!^ CTO3 WR 
TO^T, R3 TO! fffe^fe 5lfa<F TOTSTI I TO CTO3 
RC*OT 5WWW ?tfe*tfa CT CTO te*T*F CTO'S $$ TOTS?I » 
srfccropR-site *f<ftora *ra sri te*!^ ctos ^i nfaois? 5 s i 

3*3H CTO RR f#W CTO^ R TO *p[ 

♦RP 9 IC?ra ^TC^TO 5 TOCTO *lfe»ita CiFI^te ^9IT$ ?TO5R ^CRT I 
v5T5 Tvpl ^*rfeTO3TFf TO?RrTra *gl*(fe fafew Bf^-CTO 

to, wi toi i sira^ 4 to*{ later 

tel TOC*R C3 *$ TOlfatflra sp =r?r, ofe^^fate Jpsjfe 515 TOIRT 
C«fe ^S^e ?ro Br^-CTO *fsrai*ft TO I 

'Sn^'t^^pra feotei ^f^5jR vii'^c4^Rsif «ra *raHra spc^ra 
fete? afefe^ i sjssrt s^Ttfra ^ioi ^ito cto 

WTOT"! R§ I «a$ s^Tpra 5ToIo| C5PT tel RT?TOS3 ?)!« 

*rsfhra«i*(fa ( *rcfara«i 81 w 8*2 ) ofteirc to few tot fe»mr 

R^, ^ *[C^ (SCeTO 3PR 5C5C5 I *psRt Sf^-CSpST CR3* ®RI 

Sf^-CTO ^5T5 ®RI ^ *raCRI ?J»^fT55 wsffe?i«| 20PSR I 

^rSt^R £WT«1 ^CRT C5 oT?r fe^t5 ®f^TO JRPI R^f R5 
5WTOI ^sft^^ei ato^ TO To faco TO C5 W«W s?^-CTO 

few 53 1 5 fe ctr s$ra rcr:^ wf® , *ife 
5fe5 R5TWJ v\WM ^tfeR^f ^C?I»T, 'oTTOl fefe 

c^to 5 ? C5 ^ra >itcw fe? «rra 5fe5 rr 



<T fTOR 3fTC*f?TOSsTTO 
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stoott sift c^ic^ i fjT^rhr $nt*ifTO^5RTUT 

5?^-CTO TOt?R SJT*f (R >RH TO (Tf<3?Il ^ 8'lfl? 

g^i), ffo stfo *ma ?n i *r*r ^ toj 

toctr to *r*to?i toficst ^sr fa<fbro?i ?ro 

* 1 ^ TO! CTO ^ I SjJJTO qfcTRT TO^RftiR'Q 

CTO3 $s*R W^“ftfff TO I CTO i£|^f& ?3C*R ?^c4»T^ C^si 
TOSS'S TO5 ^ 5TSf^Tefk TOT Sf^TO Acer'S, S^srfifo 

^ttctof ^ ^ ¥^*r^ cto ftraHw?! <FTre 

«r^TT^[teT TOTO^T JTT'Q STC^T TO *TO I 

TO TO TO V CTOT STTOR 2/ frrC^R 
GPTOT^ta %RP SWI^T WZ$ ^TT^t?f TOFR ^ frfTOil fff^ rpspj ^ 
^ <3^?t S[3F£® 5ITCTO RT&R 5 $ I C?l«TTOfa TOJ 

to^vo ^r^cto cto to c *i ®itcsto srctvs ft® sfsiRr 

9JT^f TOFR t£l^s f^f^FR 2flW ^Rf 3 *^ ^ I i£l^ frrsjfc? qs^r 
‘TO'fa CTO^T CTO ®ITC®TT<F *KFpvs ^gf ^ 2f7^ c^TO R^fsps 
W lie TO ; C ^TOITCTO CW I SfRiFTOF cm <?|%JR «JT1R 
g'QRTO WfoFCT* SIFT TO C3 ^TFTO *KRF5 TO^sT ^ OTC3 f^fos* 


A _ 

trtj* 6 - 




*?0* 


0^1 


ct, 


B 


3 


-vt,-* 


fra 8*4 

c^ro i 

TOcn fe*rf^3 s?r i stt^'St^fr si^to fi^hr ¥?t#jtor 

’TCTOF' 8 ^I'taiMR cm T C TO I CTO\? *ms»ffi> RRFR ftrCT 4?TO 
U&m, ^TOTO i£R f*!5FR 2JTCS ^TC^f C*?tTO, 5HR 

*ITTOR mM <£&§ TO C^t^IR I qfa 5(TO \SR\ f^FT C^F5 
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* 

5f5B v\Tm S81TTO t x 4WS t 2 ^T5£*T StfSIWl ^ 

(8*4 ?55 5^1 ) 

ct x = l + l't x 
cl 2 = l-vt 2 

«rto /i = //(c ~ v) t 2 = l/(c + v) l ^sWTC ?1T©1w SIWI 
t^TWHl^W WTC5 CW ^ wfal ^TST^Tcfl'iT WC^f CWTW 53, 5jfe!W 

ms ?«mH WtaCTw wire wfcn ^ fwfesr sks 

sm csr< ss i stcts wfS *f«*$ suc’ifo* mK www 

tosiT*re snwfo* I 

sn^ferw TO^ffwsr^Ff towsre t^ffor ctoto 

c*rtafe?rc ot snif^’QracffRr 9mtowa 

Si* 1TSW TOfaWCTW ^tfwWFs m 5J55ST *?<TR<T wf*fraw sTsftaq CSfW 
Ro! I ^ ‘c®nc?Pi^ Winres ^sffaw (Lorentz 

Transformation Equation) s^\ 5W i sfT^T'fr^T OTT«l TO^T 
CW to ^fi>W tofa'a sjjaiT smFlfo^oTWTOT faferT Br^- 
crow siwj w^tswc'iw srj c*nc<ro si*\m sntgju 

*?n acwrsR i 

8 * 6 : 

ifi^; fw?€s* ^rafisc® Ufa <ri wtw i src=T 

w^wi sre S S' ^ factor c^si $ros i S' crow {x',y',s') 
S ctow (#,y,s) *5Htw sw’jfaw v 

J!OT $lfo*iteT l asittf S C1PC3T WNpv to 

cto {x,y t z) U*&s wfcn t jraesr wte az*r* r, ^cbt <?t§ 
wfcn ^ri fasten S' cro Cr',y,-') t' *rcc?i wte 
pro i t t' >tsrt ^ nw*ncww ^sfH srre ^ *ncw i 

SfCT ?$\ S\S> CS S' CTOS faWWOT WT (*',*>') ■5RW 
sr^sjfalW O' ^sjfs*y (Origin) S CTOW O 

tow Wlfovo (Coincident) 53, wr ^ CTOW 
torw teif^sF jpw 5 it^ ^ ^ ^si^^tcw fsitesr crr cw 
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*ifn w faofa to, stfrc $$ *to t = t' = o*$y *w 
to c*r »ai ^fsrc?r O toT^s to sttcto few cto 

3TTCTO TO** *fT$H 53 I CTO^g CTO CTO^ *PIH, 

*ft Wt-TOSt SJCT TO C3 STW5 fa®? fa®? ^TO* sjflfa^ WW 
TOl$ csfTTOTffo (Spherical) srTCTO ^sp c C3TO fasifa* 55 i 
S CTO3 fastTOS *TC5 t CTO'S TO C^TTTOTffa *3£5RT 
TO*5R fa*frTO spit**®! TO 

jr a +y+ 5 a = cV (810) 

W3TO 5 S ; CTO3 fast^OT 3TO ss^m fa*fT3* 

*pft*3«l TO 

x f2 +y ,z +z'* = c 2 t' 2 (811) 

TO ¥<n TO C3 S TO? S' CTOS TOJ 3»*ITS3 spfasw^fa 5CT5 

x* = k{x— vt) (812a) 

y' — y (R12 b) 

s' = s (812 c) 

t' = at + Y.r ' (812c?) 

t£l*TO k f a TO? Y 5 te§ STO I 4?[fcT3 TO fa*fa *3E* 

TO I 

(811) TO? (812) *pft*5«l CTO TO51 TO 
k*(x — vt)* + y* + s 2 = c 2 (at + Y^*) 2 

*[*3T? 

x*(k* — y 2 c 2 ) + y 2 + ~ 2 — 2 xt(k*v + aYc 2 ) 

= f # (aV-fcV) 

§*IC35 TOftTOf®! TO? (810) ?pft*TO3 TOJ *R®?r*fa 
TO5 sj'lK^wjfar (Coefficients) s$toi -TO31 to 

fe 2 - Y V = 1 

& 2 £> + aYc 2 =0 
a V-/eV = c 2 


(813a) 

(813&) 

(813c) 
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srata 6 ! (8'13a) w (8136) CTO *fT'©3i to 

y a C 2 — k* — 1 

a 2 y V = ^V 

§TO?r 3j5fta*«i ^ cto to <w (813c) jrctoa®! ^mi?( 

to *rr«?n to 

„ a 2 c a =p—j = £ V+ c 2 

JfeV = fcV'-feV+feV-c a 

m CTO *fT<3?n TOT 

.2 -1 

& 2 = _ 6 _—_ 1 _ 

* c*—v 2 1 -v'le 
®fTTO 3 ^ 5 ®, (8'13c) cto *it«si sqrsr 

(o’-l)c*=*V = 1 —V,-. 

1 -V/C‘ 

a '=l + - v 'l- c * - 1 

1 + l-v 2 /c‘~l-v 2 /c 2 


^ ft=«=- VT I~ i - /e , 

(814) 

tots (8136) sisltaro cto *iT«?n to 


,_ k*v _ kv _ v/c* 

a c a c 3 Vl -v*/c* 

(815) 

srasra (812) ^isPNRwqTsiCT cwi to 


./ _ x — vt 
x Vi-w*/c* 

( 8 I 60 ) 

y=y 

(8166) 

— c* 

/V W 

(816c) 

, £ — vx/c* 

Vl -V 2 / C 2 

(8'16d) 




®TT$33>fe33 fSPSS ^‘Sft*S*WT'F 
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4^ sstoss^ftixs* asn sa cms*^ >rsftsRi«i' i 

S' 

ops cscs* S ciFCsr aiares 3*saTS sFn scsrasts ssta^fti 

_ x f + vt f 

Vl -v z /c* 

(8‘17a) 

y = y r 

(8176) 

« — «' 

M - M 

(817c) 

t' + vx/c 2 

Vi -z/ E /c a 

(817d) 


3ft S COTS 3TC*R7^ S' COTS CS*t V ^T^fTC^S CSC*IS $*RTS 
3[s ^s ss, srtfrc sft v « c ss, ^TSffs (816) 43* (817) 
SStof^fa (81) 43* (8 2) Si*[TSa SS^SC*!, ^irftlC^'QS 

Si*lTS3 SSfoaCS afaS^s S3 I ^®ST* STSTSS SIS^T?S^ (TO 
SIT^&WS ?aC*tS «nwt , >RR5IST'f aCST*5T 31 SCS 
'5fTC^lft J S r '5iTST c f 2TCSN ^31 STS I 

si*. Wj* if*3ts*ta'srrc^tfwsi 

^3^C3S ?3C*TS STOFltovsTSTS CSC3 to fotflS 43* SSCSS 
*lfSST*f 3TO 'SfTSTWS STSSTS CStto afts63 2JCST®?3 I SC3 3*31 
STS* CS ^TSSl |*ma SI 5^*3 SCS*d ^51 3*^ atoa 3TS1 ftfe 
43*1$ TOS ST*fC^ frit 1 SSI STS* CS S'Qft S'.toSS* COT 
ftjS ^SSilS A*'-^fWS 3STSSTC5T SJTftf'® 'SfTC^ I v5'6* C1FCS ^3ft[v5 
Jssfos* sft S'Stf&S ^ 3TC5S I-W’W %'x 43* %\ fafa S*CS3, 
$$ ftsftfS* 3*^3* *tfsfa^ *PCtf&3 fctfj OT 

L 0 2 ^1 

ST*RPIW S sft TO 47$ ftffto OPT 2 [S, STS STCW S 
ofs v sscsc^i xA^m ss, ^t^ S cots ftsftp^ 4^1 

*rafta ^ mss #- , 5r3T*3*ats3 ST3 x x 43* x. 2 mss I 
ypSST* S COTS'ftsfos*, 'STcfTS ^fts STC^TCS* $fftj*fi«T ftRlftFS* 3*^ 
S«ft3 MI 5X3 

L = x a -x x 
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Tfsf^ei (816a) «w ar'ssn m 


^mK 


,'=4aL*u'=4‘ _! " 


1 Vl — v*lc'' 


Vi -v*/c s 
x 2 —x x _ L 
Vl — v*/c 2 Vl-V/c 2 

L — L 0 Vl-v*/c 2 (818) 


T _ _ _ - v 2 - 1 

1^0 -^2 *■ 


^©?TT® ff^?T fctfRT *TOT3?TO 9|fo«fta ?F^F MKs £^J 

L ftpr fasfta* fa^h® Wi L 0 srcwi ^ to i *r«f5?r 
forfjS 5T^TR CSTO^-fc^®?^ *TOT&FTa ( ^sfN^*! 
8’9 5*^t ) i fac*re sucafa^RR c<ro st^ $$ warn 
<*m c»iTC^^-f^iCBf?n»® ’totbot toj arsfoj 

«fTC5 1 C*TO^ ^ fspfcpRRS CT *KC^TO<1 <£«!! CTO?TOffi 

ssi ^itcrt ?itcto c^ca toi i cro$ ^ri 

5^ ot ^sns rera T^tr^i *i*to fac«r*R or, «£$ jrwt&to 
^ rrsr f 5<R *kctto* i ww ?3c*re ^rcafa^^RR o*m 
3T$ 5TTOTR TOS TO*T I STsfR S' CTO 'Slf’FS *?«$* 
S croa’ faatTOR m<gm to cm s$ t fo* 
c^a S cto tos frtfj'Q s' croa fa#roa ^tcs 

*R<Jsf F5 TO CTTO TO I 


8*8 tos *tfTOtc*fcr «rfc*lfas**5i 

TO W S CTO 4^1$ C^H 

srrre i S croa «rf©1§a toictj fof^*i a<ma *m 

*faro i <$£ <5iw *r*r - afate afc ^ 

t x mK t 2 ssttoi afafe ?tto<t toim to 

At = t 2 — t x 


tootpf S' cto sr^ taffow ^r *ttc*w *rcto qtaHta 
S croa afefta ^ttctc^i ^tok? *rca ^ afaTO *fto *itot 
(vpftwj 8’16d 5^i) 


*'x = 


_ t x — vxjc : 


/ -f 


9/2 


„„ ./ _ t. — vxjc " 
1 Vi^vc 5 
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cics^ qfipft S cro ?i*^® Hi itc¥ u^i 

X x = X 2 ^CI I 

^sIK S' CTOI falH¥ $TI 5ITCTPF *nCIC$T *lfvs*iH gfel 
ustcij *ncn imn *rf?nw ¥icu to 


Jf' = f' a - t\ = / 2 -1— = 

-® 1 . /l ‘A t •* 


At 


Vl — v*/c* ^1—v*/ c" 


(819) 


cus^ Vi -v 2 ]7* < 1 snaifli df' > At 5i i ^it* ci 
c¥H WtTOi ¥tc^ ^ti toic'jt ^¥f§ iH u*n 

^¥fi> Hi iHi ^ui ^cwt^xs sf^i 5ici $m icu cm 511 
iHft ^?ff S' CTO Ha ITC¥ ^T5CU S CTOI H#¥C¥I ITO 
ClIS ^WTfis Ip 57CI 5C*I ICU cm 51 I WN*f 

¥S?¥ *f?lfHa III IJIUCH *rfalff\5TC¥ IU1 55 ‘®IT§I'£ltciI 
III iftogrei’ (Time Dilatation) 1 i5IsjtoH¥ iHtfa 
(Cosmic Rays) am fx-csr^ ITI¥ 4¥ s¥Ti u^rat cifti¥ 
#mi farifcn ^s ‘efai ¥TC5n’ (Mean Life of Disintegra¬ 
tion) afaim irn urn wfcfcjznsi hsitpti i\sjm ante 5Cic$ i 
^ ito aci (20'9) Hurmw suc^t^i ¥u 51:11 

SfT^T^CII ?IC*TI «fTC»lH^5TIT'f Upnft HHfJ ®r©-CTO 
iicii aTsf¥i cic¥ un 4¥fS firar 

5'QU HI I ICI ¥11 IT¥ S a FCI A*! i£in AT 2 fi^o ifcri 

IC$ IITTO f x t a IICI I iH f x = £ 2 51, ^T5CU s CTO 
mH« HlH^l ¥TC§[ i£n H¥TefcT (Simultaneous) icu 
CITI 5CI I 4ITCI felSWOTII Cl «£W X 2 ^$f¥ 5'SI1 aCIT®?!, 
'ol II 5t*T ^ Cl *pW ifal <51 CITin ITCI II I 4*H S CTOI 

wiw ncicst i?v5«tH S' cto mH'® TiiHc¥i ¥Tt5 iH i£n 

^ H>ITI III t\ vfll^ t' 2 5a, SsTOT (816c/) Iltll 6 ! 

CUU ITI 


t 1 =L~V£dC dw- /' = tz- vxj c* 
1 Vl — v*/c‘ ' a VI — v‘/c 2 
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(MZy t x = t a , SV54 13 3IT331 *1T$ 

f'l - *', = ~f^~4ri~ (8-20) 

VI — vjc 

*\ 43 < x z fen 53, sps 43 S' cto 3 WHtort 

3$31 >T5T^5T«fN 3C<3 C3T3 5C3 31 I 43 c«ire a^fel3H 53 C3 

333^33 C3N snpifa* i 

4§ 33C5F 3$3T3 5%^3 ^CITO ?3C3531 3*31 C3Ev5 W « 

S cro 3fa 5ft 3S31 433 <©tc 3 c* r sm 31*3# t x *ra ^ 

3fl> 43< foots 43 *TC3 / 2 33C3 .r 2 ?3*?tfo 3tf>, 

SoT5S3 ^vcS £ a > f x 5$ I SfSf 5tf3 *fTC3 C3 3$31 5f^3 4^ 
S CW3 3TC*TFF 33C3C5T 3fo*fteT S' dPW'Q 3®rT3 3TC3 
31 I 3E3 ^31 3R C3 S' CSFW3 C^T3 folfo* 3$31 
31>3T3 *f?3?3^ 333 5^ t\ 43* /' 2 ; 3*1*3*! (8‘16cf) ^^3K3 
Cm] 3T3 

f ' __,' -(tm-tJ-vlc \* 9 -X J 

#a 1 " vr=vv? 

S' C?FC33 ?33foc*3 *TC5 3t>31 ^3 5^3*3 3 ®tT3 3T^5 5W 
*' 2 -i' x > 0 5<331 3C3TS?3 ; &TC33 3^*3*! S^STSl Cm\ 

3T3 


t a -t 1 > i>lc*(x a *-xj 

m*n X f~zr+ x < c *! v 

' 2 *1 

433 (t\ - f'J 333-3J33F3 3TS3 (Real) 5C3 sfif V < C 53 ; 

sfr c 2 /t/ > c 53 i ^o3T* §<TC33 ST33^oi (Inequality) 

3**4ft> 3131 53T3 «Ta 50$ 



fsc*R ^nreT^s^isT? 
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sgvssn* er^ cro gf& *is*rs suits' zFfasss wfasftsso «itto 
sfr m ^rrespi &s m cro *rcres *it&h ^res^is 

jti 5 s i ?sc*is smpifoTOsnpRj 

faTO 3re CS SfiCeTOR CS^t *TC*FF| g*s<5«T CS^t TO 

cro sc^ sss ss (fscsrs ^ficciT5=Ti s'Ssj) i syssrc ^ si^ts 
fftsppi cto to$ *tfssfvfo to *ncs si i ^stot feosrosrci cs, 
«fl£ fclTO ^TS^SS *TO ss^-TO 6 ! W (Causally Con¬ 
nected) sfrss recs^; csR^r scst®?j i sfcn ^<r sjwj sfa 
crop's *rf-ro*i w si «nw ^to <©n?rs jpftmif ^rsfssf'&s 
sto sitto «ras i 


8 9 <*rfafct%OTi cs*t *rctT**$*W1w 

sics to sre cs sd*m S' cro y-sre sifesp* 
W CSC 1 ?! fS5S«1 TO I 4*R S' CTOS STE*fre V 5WCTCT xAWB 
«if^ft»[ S cto ^rsT^s cto fasten s^ farcfo ^fa<p#s cs*i 
w to ^i fscs&si to sts* i Wfrfts *qTC*tfaTOSTOT taros 
TfTO^ ’IT'GSl STS i S cro fss>ro *rfsfa^ ^fwfSs 

CS^T U = V + W 3XS I f'5TT^S B ljTStESS ?SC*TS ^ IC^fa'^sTSFr 

*ispist §*rcss ^tfssfisvo to sts, fsros^s to cros 
snrefo* cs^r v csros totst?* ss 1 cs cto ^srsa 

S' CTOS fssl’TO S^ fa*ffvs S^T^S SfSTO X = Wt' TO > 

i$5sr c®ircs^ sf*nss ^sftesq (18'16a) ^ss (18'16 c/) cto* 
*ir«?n SR 

x — vt t — vx/c 2 

Vl — v*!c* Vl —v 2 /c* 


^v5SR 


A‘ = : 




1 + vw/c 

^srs^S S CTOS Wire CS*I S* 


f 


dx _ v + w 
dt 1 + vw/c* 


( 8 * 21 ) 


1—19 
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*T33T«l « C3*03 ifa *rf353 

(8'21) *1^33*1 C3C3 33faS ^ C3PT3 «tf€ (Resultant) *fT«31 
313 i 3fr z/ w w «b$ <5iOTt33 C3c*i3 ^wm K3 

T333T3 *Pmr 53, ^T5C«I vw/c* << 1 53 »S3< «lfa C3*T 

W = V + W 3X3 3T3 I <5f3TC ^ZS ^ 3RTO3T5T C3CT3 *lfa M3 
33T3 5F*4fi> fafcfcfa <5nwfo3ST3T3 ^3T?ft 3T# *[**& C^ 
sr?5ET 53 I 

3r*13*lOT 3?^ w = C 53, ^T5^ 3(1331 *tT§ 

u=~~-^c (8-22) 

1 + vcjc 

sptfre 43T?33 33T33M C3C^t3 3H 3mTC33 C3*T C STCW1 C3*ft 
5T5 m3 311 i£)*R f3 3?? v ^3“ w *|f& &*trc*T (Component) 
C3*ft c v£!3 33T3 53, S5T5OTQ C3TO 3T3 U-C 5C3 I ^\s3K 
^3^R3 ?3C*T3 *3TFlfo3'5T3TW3 ®RI^3 *pp*v|J| ?TO3 5^ C3, 

^m:m:¥3 C3^r 33 333 33H 53, Mtoc33 31 ^ot 3 c3c*t3 ^3 

^ 3E3 31 I 43TC3 §tB3t3TOJ C3, 4 $ MiTS ^T^3^I^C33 ^3 
CTtf»l3 ^5fR C3C3 I 

8*10. C3^*5|3 3^3 <®3 

33T^3 3^33313 3^3 <53 '51^33^3^3 3C3 C3'Q31 53 ; <5fsfr^ 

3^3 ^3 5^ C3’l-f33C 9 t , ¥ I f3^ fat*T3 3(TC*fi335T3T*T ^^3T3*t 



S X 

fro 8*5 


fafaw w$ ora «c 3 *r; 6 $ *r;f§ 333 src*rr i 

3^3 <53 C3T33 §*33 fsT63*tta 53 l C3C33 &33 3^3 <5RI3 

f»T^3 lf ft®l^T3 9flf c lf\53 3|3 ff}^j?cr|f^s ^3TC3 ?3^3 331 313 I 
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5fC*f ^ffl S CTOl y-W^ 

<sik*{t*r u TO A T*UW*[ 

(8'5 fra 5 ^ 1 ) i S a pcre v *racrc»t x-foz^ 

#a*ifa S' facfa* ot ta5?n ^?n qre \ S' cro 
4 TOR fasfbFP ^ C^TO^Tfk TO B <H« 1 TW a^HF 

stfvgspq w «w fapro to^t i 4*m?r *rr aw© sw ca ^ croa 
fcafa* ^StR fcs? f^Sr CTO ^TO3 CTO *f?TOT*( TO=T I S' CTOS 
x-w$ ^rfca *m to 5^?r *re*fj kk’sw *tto© (Elastic 
Collision) aa> i $$ *rcare <ssr ®tct ^ ca ft* *rcare ^tto 
to ^fihr fw ^vC^Tsrt aTOtaaiiij y-^iwa 3WT^5rn:«T sitc^ i to 
gtS spfi i£i^ Tf^f Wtotto S'Qaia ®RI *TTOtfsa TO ^TtfRI 
cTOfsr ^r-^iR»i9jferar cto *fka6=T ac$ ai i 

i£|*R S CTOS fa#FCTO aTCTOT A TO^a CTOra x W y 
$*!TC«ffR[ ^«fTSFCST *[R iW it $$ I §<? W»RTO WCT* 

B a«#a caTOa x-&m SOT v (8*5 feff 5^1) W y-®*fTW 5M 

_dy _dy Idt 
WBv ~~dt~dt'l dt' 


Gsmsw a«*fT3a *ntoa*i (817) ot to srcaai *n§ 
_ dy'/dt' dy r= -$ 7 -, 

Wb “- 1 / Vl-r 7 c 3 ~ S' ^ 1 " i ’ / c 


dy'/cto' ^ot S' cTOa rtc^tc^ B TOfta caroa y-fe*irc*r, atfrc 

dy'/dt'- -u ; ^?n *jt$ 


«>*„ = -m Vl-v*/c* 


^S<TR S CTOS foftTOa 5TIWPF A t$a“ B TO crow 
x <3 y fe*iTwtf»T cwn tot ( 8‘5 ter s^Sai) s 

= 0, w^„ = it ; = v, w Bv = - u Vi - v*/c* 

(8*23) 

S cro A « B to oik ^?r 


= « W ^ B = Vv* + u*(l — v*/c*) (8 23o) 
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wr«( « (3*5$ rfm 

S' croa *ncTOF A 43 * B 3 *i gifo ctos 

# « y §*fTC*Tsjfcr 43k 4w?r *$% cv f M?r $31 m i 

33\ 3\$ C3 <^ gffa *lMsre *53 C3 CTO CTO 

*rpto?t *ro ^ i 433 croa m m *rf?w^ to <ic*r 
to CT'Q^n 3m, w toi to?h *nfa 

m — m(u) 

5TOTVS5 “33 wfi> ^*\$ CTO^ C*N *^3^ To 3T?r I 

^*f5Wte5TS?r CTO3 §*ITW*[f»Rr 

?5t^T §to snai-cswi 3j$\ facfa to 3m, ^ttoi c*rc^s ^ tot?t 
CTOS -r-$a*fR*f sr*lf?Rfo5 3\t$, W543 

W Ax ~ W Ax = 0 ; W Bt = W Bx = V (8'236) 

i£W w Ay = u ; w B y = -n Vl — v*/c* 

TOTCS3 TO «£!PRr *(fa C^ S3 

W A = U ; w B — Vv* + f* i! (l — v 2 /c 2 ) (8'23c) 

3K3KW3 *%& 3*i v3 cspn 313 

m A = tn A (u) 43K m B = m B { vV +lt\i-v*/c 2 )} (8*24) 

3|5piiC*f 3K3Kv3 TO 3*1 ^><1 m C*T*fl 3\3 

m A ' = m A \n) 43K m B = m B { vV“ +n*(l -v*/c*)} 

(8'24a) 

433 S CTO 4* fro* TOtfSf TON TOC^T TOS1 *flt 

m A .w Ax + m B .w Bsc = m J.w AX + m B .w Bx 

C3153> ^ 3Cr[<T CTOS jir-^»( «ITC^ f 3F543 

(8*236) 3^$3*\ 3]35J3 TO ^srrsT^l *IT§ 

Mi^ .0 + m B . v = w'^.O + m' B . V 


v£53K (8*24) « (8'24a) *ratTO«i c*ire tosi *n$ 
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u 2 = u 2 
u = ±n 


TOfofJl u- -u I 3JTC*fa^'5RT»T 

SP{v5 ?*T?T C^C^RT C^ft) *[pi 

$$, ^s^\k *rsfN^E«i u= — u 5^0 i sttto S cro 
fw ®ro*i ^kw 6 ! SON to *ire?n to 

m A .w Av + Mjb-Wbv = mJ.w Av + m b-w B v 

4*m?T w Av = u= - u w w By -~u Vl-v*/c* 

= uVl-v*/c 2 ^ii 

aj^rc* (8'24) o (8*24a) srsitara si^TOt jh,/= m^ S3 ; 
w CTO^F &TO3 5fTC5JT5*Tl S^TO^ m B '--m 3 5$, 3tT*rai 

ra^.M - Wjj. u Vl — v^c" = — + ?;ip. w VI — ^ 2 /c 2 

4?r «pf ^iresn to 

m B { ^ 2 T 7 t 2 (l-^ 7 f 5 )] = 


CTO1> &pW ^5T ^iT ^ ^T^IT^r $X?P4 'Sf'O^ ^TO^TI 


W { Vz; a + n a (l —y a /c a )} = 


m( u) 

VfTJVc 2 


fawn c^?f u *rfa ^sure ffsw* *iffi ^i ^r, 
^st^cct ^rsffa^q cro c^m to 


m(v) = 


_jn 0 


(8‘25) 


w 0 $m Hs TO^re cto (<srra ^ 

w m(v) sm v c^f siWfa ^ * 
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*f?TCTq 'Q CTOF afea 


*rsffew (8’25) srrcafa^sm ara 

c^T'T ^ afsrefe Ufa ^?n *jT?r i renter a^sn^ c^5^ 

C<W C^ >P=a?T |CffR5^ ta TO fIM 

(Bucherer) ?ras T^ift ^sft^?n:«ra *rsr$i 2sm to*t 

( 18*2 5^1) i 

8*11: m cn^ 3TS|^rj^| 

*pffel*l (8’25) CTO ^afa^^RTC^ i£^fi> ?[<F*9$ f mv& 
a^tesiR 53 i v cto fTO'Hfa ^ m k$\ to \ 

sfa &a<r 1 7 m fen to, w ^ep tort fern 

dx 5 R[«i 53 , xst^i vift ^rtotcm afoafe ar?r i 
afew 5CP5 

dE = Fd* 

cto^ afs 1 ^ F ^»TOa afefe aro, toot 
^m\ T*wc® afa 


^s 3 T° dE = ~ (mv) dx = (wiz>) d t 


dt 


■ v d(mv) — v*dm + mv dv 
$T5<£i3 mv dv — dE — v 2 dm 

sfa 3f?S<f fer ot ss ni 0 , cto;^? m = mj Vl ^v*jc*~ 

^RiOT ^J5[^ 

m\l-v 2 lc 2 ) = m 0 * 

&at?ra *r5fta«i (Differentiate) to aresn ^rr?r 

a»dm(l-»■/«■)" 2wV dt, =o 


5IOT1 W7/ dz/ = (c 2 — v z )dm 
3JS3TC ^ m 

dE — v z dm — c 2 dm — v*dm 



fac*T3 anwfaTOTCR 
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; sr343 ^rsi?n ^ 


dE — c 2 dm 


43 CTO *FTO*H (Integrate) to aT<33i 3T3 


E — mc 2 


__ WpC* 

Vl -v*/c* 


(8*26) 


(8‘26) Jpitwi CTO STotaR 33 C3 V C3C$T SISTIsn^ C ^ H 
3^3 s»3 3k m S3, \sTOT 4^ <53 me 2 *ft$m *fe3 *re^pn 
(Equivalent) 5ft i 3k 4§; $3 3**lff3ica *ftm& 3iara?3\o 

5ft, not me 2 *ft$m *k? 5jft i 3ffi> 3k f 5 ^ Wf 

$!TC¥, ^OT^ST 43 f*53-^3 m Q *ffe\o ^-^irafiT® TO w 0 c 2 *lf?Rl«l 
5Jft I *53 43“ *T?^3 4| aT3*a?33* 3i‘ ! Tf^3 C3*TO 
(Nuclear Reaction), c*TO (Nuclear Fission) 
a*fk C^GI I *5C33 3iaTTO3 TO fcw* *iter 

•*^331*1 $[?*© f3“TT5T 1 43^ SfR ^3 Jpwi^TW “t%C*o 3>aT3?3*o TO 

9xl0 2 ° sntf 31 2‘5xl0 7 TtoT'G3Ti>-3'£i 5ft \ 

3*o3TGT C*FTO ?3'«TSR ak3T3 TOTC3J 4£ *tf*F3 313^3^ 

3T53 3C3CS l *I%3 4§ 3*o3 ^3 *5n?3 B 3TC33 ®?3I 3*o3H *[TO 
4 *Rmf3* ^!f* (Atomic Age) 3TC3 *stf*5?^ 3*31 ^3 I 4 ftftm 
TO ?3*TW *5T£3 ^TTC«TT5»T1 3*31 5Jft I 


8*12 : '®rr^f^$t3t i T 6«fc3? 5S&'* 9 tf ‘StfRf%3* 

?p*r# 


(8*11) wpm Gr<n cto C3 *5rrca?^3**oT3R ^3T?fl acTO 

3^3 *53 43< *fk? 33*g?n I m *53 3*^ 3S3 C3Ti> MC 2 5ft I 
*51T3T3 3^1§3 *53 m *5T3 C35f v 43 ^a3 k*»3*?NT I C33*I»TI 
*5^3 (v=0) 3f$3 *53 3k S3 m 0 , *oTTO *©T3 *ff*F m 0 C 2 S3 I 
*[*o3TC 3^f&3 C3^T 5fk*5 *[k?, 51?*©*k? S3 


E k ~mc 2 — m 0 c 2 = m Q c 5 


Vl — v 2 !c' 


-1 


(8*27) 


*WT®!T 3®T?3*ffl CTO ST$f ST?*5«tf*y bn 0 V 2 43^ *^3*33 (8*27) 
®TfCaf^^T3T? CTO aTtf *n?o»ffe r 3 af3SJT3 5ft \ 3ffi>3 
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sptfre ^nm^?r m c <*& ^rccq 
^ C«(W 3T# ’tT^I *J<n »TC5 I *lfa 35^3 C^T 

^«c^, ^c«t 5rsfto*i (8*27) «w ‘ p tT'8?n *ira 

£ fc = m 0 c 2 [( 1 - v e /c*)~* -1] 

= ?/i 0 c 2 £l+^ p-lj = iw 0 v* 

iflCTOT 3TTC*fa^5TCF?t TOfafJl «W 3T$ *lfo*lftF Wfcfa 

aTg sifoqfara *raH ^ i 

*ITWfo*TOT*f V STSIISIT*! «3OTf 

p = mv 

m ^ STSMT 6 ! *I5jf<T ^T, *11 CTORl I 5^5*1 

(8*25) c«rc^ c*i*n m 


P 


m Q v 


Vi-v*/i? 


(8*28) 


a 2 2 2 

, ,_ ,2 2 . 2 4 HI n 7 J C 2 4 

pc . + Ul 0 C =^--— 5 - j — a + w „ c 


1 - V*j c 

2 2 f 2/ 

“*"• c Lr-* 


2 1 ""O 

2 


— t//c ! 


+ c 


■] 


yn Q a c 2 * 
= -, — 57-5 = wtc 4 
1 — vc 


CTOR? E = me* 5CTI ^&3T OTI> «lfe f C<W 

<5lT5Rn ^ 

£ 2 = />V + w 0 V (8’29) 


8*13: 


«mptfo*3rci*F ^C9f wro 

Tsfc't*!^ ciFCsrsr wed, sptfrc tfWTsn i *tei 

3TC3 i£^$> ^ Sf^TW^j ^E3*T, *n TSfWlcT 1»TOt*f^ flFPTCf 
(Accelerated Frame) CTO* SCTOI \ ^ \8$w ^n 



faro wtfapipNsm 
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SMS®! (General Theory of Relativity) i 

'5[TC*ffa»$'®RFf ^ •JjS'T 

§gTfa^ ^C?R I ^ •fa»T I 

ipp^fl faro, m CThpwi fsvm 
(Precession) qfe (afo ^T^rte ar?r 42"), ^ sfe$rt<j 
asrw afap 3H5M fa$jfo 43“ fafoa nrW^ c*tc?f 

few #*item ^sffarira *q**[ c*ifa ^tofcswra ^©?w- 
ra tttsihi *n$faj *ratai m\ to <rc«r OTfas ots i Sowsrai 
4000 ^IK vs^sfWi *w ^foitarora cm $$ mw *it#j 
m O'OOB m°s *\m] m i 



9 


9-i. *[prl 

<b w ^ftiwgpf cots *m cot fas^ *f#ik a^fo 
w ^{c«iiwi *?n i ^rsfte^ c3*n 

(Discrete Lines) c't^n *rra i cwn ^n ^ 

(Line Spectrum) i GW-^r»ibl Swte fsfosr 
C5fo*RT COT I C3T3-TOOT^ *IT5TC*n W *RR^( 

*pr ctorStst <r<rfam n]$m c^i-^rak &*fea tos sjtsii ?rh 

*re<TO I >5 k“R5IW SfTCSflRl TO OT5 I 

?3TO faTO era COTS SRI COT fassfs ^UOTTCTRT 
fe^S TOC^I $03 ^ BrTak ^T«ft CWOT nT'Q?!! m I 4^<&a 
qtoite® casra a?<rcfls sot^ct sraftgsT a© (Band) 

c*rsi to i c^®ri *wm ^^raflw m ^ ‘a©-^raV 
(Band Spectrum) i a© §*afe $$ faTeff oifa ^1 
C^m ^ COT I OT$5ffij ^ ‘snsfc* VISIT'S 

C f f'Q?n TO I afNfafhl JUSTUS COTS !W 

OTi swla ?*rai ?n fates sjt^s wi*£i ^5 *fasr tos mjm 

§*aS ^fas-^fa 333TO TO 3$ » 

afN«ft*i} ®ra ^ feifas real to ct, sra$© a© 
arcs i<ra©i fafa© aki ^ (91 fczr Esfaj) i ^ 

Jfa© >ftsnc^ TO ZZ ‘aSHW’ (Band Head) i «M COT a©3 
Scksl TOT 3TOT ©W 2R«tS ^}S OT ®OT I atfTC 3RJ aTCS CTO 
sfa© aki $ot ?n i 

STTTOTO srcaS^o fa^ f^WTCS ^sn©3 5T^ qfaifaW OT3 

7[\5m a^ susfa^ src*n a© wai to i fa^ ^ 
'tors ’sp^ a°as ^fakTa? tousi fawras toot 
c*Rn to c*r arera*© a© ^ aw *p TOraste sreH® ^ultawnr 
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^fSTTc^c^r af&o i fw ^ *rac?r 4^1 

ton^toi *wj *F 3 i m 1 ^nwre* cwfjfer <# ^Si 
fac*R 'SM^H C^TC^F ^[?F 4W 2fTC3?T fyM 1 *f?PRr f^Ti® ®1(C4 I 
*tf$-*ik$ir to «p sr tiWi'S m$ \ ^ to*r 

to® sipre^fa *ff£ c^ *n$ 1 <4?[toF ‘*ff£-^’ 

(Group of Bands) *sn ^ I *rc«n 4 ^Tto 

cw^n ^rr?r 1 *rTsito 4F??r 3«n ^ ‘*jfir*TsiTW*r 
(Band System) 1 smto ^rsfa siwi 4 $ iriot siOT’jfa 
< ^f?$-'^TSTTC^» e f' c 5 !^ m<B?n *iT?r 1 fato ^ sn'tto 

^«fr^fNr ss<fs&r^j sisprat to csife 

(^) srrto (Pure Rotation Band) s iffe^f 
^toltePITqto vs?f5?to TORRES 150 n c«IW 30[x § *$3 
? 3 r 1 ^ ^*$*K<$ ^-wsfUto’ (Far Infra Red) 

^en srca 1 ^«nsiR ^ntenws ^»nra *re * 4 i®itarora 
to* c^*ft *fM sa 1 

(*i) ^Tto-'WT *f?$ (Rotation-Vibration Band)? 
<stes*i *rffa 5 p c«rc:* 1 p *tfs f^o ^ 1 

‘toMrcOTito’ (Near Infra Red) ^ 3 $ i 
(a) $OT*frft 3 *if$ (Electronic Band) s $$&*{ 

^sfMj 7000 mK 1000 m% M% ; 

yrm ti «itoto swestc toi srcto wf 1 

9*2. 

*$ si^cro tew *31 ^ -wcafa 

c«rc* 1 otffctoeft ^ *{3 §*<51 

s?r, c?*n *ira w afsra 
^ts 1 ^f*n ?m *rm w *>tch* era ^s*r ^ 

TO5 fato *135^ c^-^t CTO® *fT'G?n ^T?f I 

^[C5R to?r SIC^U ^TT«JT?T«I SRTO fT51 

to ?pi ^OT»f ot ^rt?r 

§ ks hs 1 1 sn$3R«» 10~* c^Tfsr-* 10,000 smt^sr 1 
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*RRT*l C*FTO *T&T atoa 


3$ s©Ta tom caitoTCTa D-a^ieft C?W1 C*FTO 
areai am i ^a c«iw aaito sa ca aft-a<Tcfta fc*atg sa aarptfa 
^ c*iw « ^ ^sm sr^fer ?ato to ^n?ra ?ato aaamto 
^m*tiR c^vs ^fi?r i $ata ots fc'rTsaw NaCl ^ to 
N a w Cl aaai*[re a^to sa i 

TOto ^Tq'k aramas: aasnato ^<rsfV ^cw 

caal §?to 5? I ^RTsrssi tfaaaT«p (Diatomic) arq 

cto f^i^s ^rccroa a<T®fta v£i^i as$? anan tofato &arca 

‘^tT'G?n am i 

H„, X„ 0„ HC1, CN faaaaT^ s^a afo TOatfi 

\5TTOt«Ta (Dumb Bell) sa i ^ aai’S aaaT^ 51 $ 

aa*roa cto ^aca «rato aiw 1 aaapj ^£a awi 
*nrc$*it a*r ton to, am to toi s^a toj m*m *to 1 
aaaT^ *fta to to wara fasas to i 

^aa^ sraai ?ato to aaaT^a ^roSaaajsa ^aa 
cto to sa 1 to«i ^ to smTO ca cto ifiatfj 
aaaT^ TO?Sa ^r^sto^a atoTO faffr a®rto to 1 
aaamto atoft auaii asaam aaa wai cto ca && a^fmffa ^ats 
sa aaaT^a ato TOataa sna^aata §t*m£caa tato ato 
sraa to aramcaa to i f t m^ a^ToficaaT^to cto 

tot am ca aasnataa* ato^to a?*? TOa* ^m&T-C'src^a 
sm 1 s^faia cros a^afta af^a to ^a^ TOfaa* 

atom^to afe (£ e ) to^ ^msfa-c^TC^a sre sa 1 

^nafaa 5 at^sa^Taa at?? ^aai ^cera^^a^ora as^ta at© sii^i 
^ atto too to^ sto at©a §aa toa asta 1 
taaaai«(^ (Diatomic) ^a acacia aaaT^to c^to ^iwa 
atcaT^I caai to s a?«T^ zt* aTca 1 sr«fa c^to ^a aia^ita^ 
*ta^f aa»i aasia (Simple Harmonically) gTa-^ am » 
^ *aroa to ^«(^a ta*| ato*! *a*t!T at?? (Vibrational 
Energy) E v <ro 1 «to: ^rratarap atotaa catf ato afaam. 
afv E e 5191 aty E v ^a ^acao toa ^aca 1 
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vnm >(T5f?3^ wk 43n>i ^T3§o nfo nrec® no i 43 
srj 3r$$3 f^f nt^stT'l 503^3 nfc? (Rotational Energy) E r 
m30 i sn3§o nfa?3 §nt3<a «fos*»c33 cttS nfe 

W?r 3*?o i 

^ 51*0=5 n^^rcwisft c3no $F¥ 30 ^33 n<s^ 
sffo no i wri §<? c<w<t «iT«eic8 ^33 ^ 3 ctfb 3 3*n ta 
srcfa® ^ nT3*n?3*p m c3no ^ 4§3in ^363 

^ no i 3rT3§3 *tfs* fa§3 30 ‘b^-otcts’ (Moment of 
Inertia) §n3 i ppr 3f3 *N^?r 30 3^3 <©3 43< 

w c«o 3SJ3 Wes srcto §n3 i C3C5^ <3*503 ^3 
tceretora $*rt 3 «o3* C3*ft, «iwt^ ®j^^-5T5j^ grants 
^©C33 §*0^ fa§3 30 I 4CTO ^I3§W-^ 3fr n?WT^l norsft 
C3nii£ 53 , toc*j ^n^cs ®?^5 -stsjo3 sm ^3 353 3573*1 n33i^ 

5$ ^o <sk> o (~ 10" 13 cnfa) i 307 sstio 
R\Ptt^ C3«n «w C3s*sw3 faf^r srora *@3 ot i 

5jvs5T< awr®: ROTSft C33T3 sfero'hr w &*&( 30 303§R3 
$RI ^<$3 C3 'SfT^O'T *ft?F O, vol ?3£3&^7 *3C?ft PO I 

§*03 ^700531 C«ICT C3T3H 3T3 C3 ^T*tf335 *T?3F3E33 C3T$ *tf<? 
5lW$ 

E — £ e + £ t + £ r (91) 

rt3T3«05s ipw&fa *fo? (£„) 5 ot3&t-c«i*£ srrfa^ o i 4§; 
n %3 ^RT 3 *n*R nf^r (£ t ,) 3035 353 i sjt 3 T 3 srr 3^3 nfe 
(£ r ) SOT^T^o '5TT3'Q $035 353 53 I 

435 $ $ 1*53 5 ft *fR?sc33 nfe 3fr 3nrao E x 431 £ a 53 , 

^T^r S3 ffihr *oi n«F3C*i3 30 T ?3f3^ c f3 *fa? o 

hv = Et-E x (9*2) 

(91) 43S (9*2) ^^3133 RTSOJ ^ ®fT3§iT, ^T^-^n^R 

a^?vc 3303 ^T3?33J 3^3 §3*te 3033 3IT3J1 3^31 313 I 
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9*3: 

siw 3R1 TO <R 3f«pT Ic^s^^T TO'TO fTO*t 

to j ^*[i&?r (E e ) Wrq> srr^r «nt$ i $$ 

^ ^i 5 ? *f?RT*[ w *f?ik 5 *fto ^rf*f §i:wi ^?n tot, 

sottot vtotot *rfer (E r ) »ifsr^OT ?ro£ *fop 

5[!jU 5 ^fTCsJ I 

TOI *TR CT fTOTO1»[V '5T«(?r *fTOT*( ^ jfQ 

(Rigid Rod) ^ng" v£i*rc tos sr^ 4$ sroraft wwsi 

*ff®TO ^4 M»«m si*n ta c**fa to ^ i 

CTO sipfScto (Rigid Rotator) sre 

TO i 

^ej 5WF3 Jjfi? »lTOI*pi TOI qfc m x 'Q in a to W C&*5$ 
Sfc^UTO *j$Tff ^ r TO ScTTO ^ ^TO*5 C8IC^ C^*5<P ffit 
«gW TO 3«*nTO 


r = - m — wt r a = - 1 1 --- 

m 1 + m 2 8 tn x +tn a 

^TOK ®rv5^-5R*F TO 

T 2 1 2 ’Wt -Wto 2 q /-. n . 

I=m x r x +m a r 2 =— x ,— JL r 3 = |ir 2 (9'3) 

11 w x + m a v 7 

«ron?T ^ •faro to (Reduced Mass) s 

u = w i» » 

m t +m a 


vrffifa CTtfro CTO *ff«T To ®> ^STTOf <Rt?«R TOCTO (/>) 
TO* $n«n©J? (E r ) TO TOHFW 

P=I(Q to* £ r = £/o> a 


tor cros ctohSr 5$ sr^roft tocto 
to 1 a j'53TC ritoi ftroc® mk s 







BOB 


j JOT *ir«&T (Rotational Quan¬ 
tum Number); sjh sm j = 0, 1, 2, 3 $<5Jlf«r i 

*r% sjx 



c^H^re ^ j* j(j +1) 

cm\ ?$ ( 5'2 5 ^ 1 ) i ^nt 

E,-^, 1 }*' (9-5) 

yps<iTC j ctohSr srn:^ ®F*fj ^?r *ifei 

fates isft'm.s (Discrete) sir TOtfa *lTC<f i (9‘2) fata 

^ "fesa^faffi (Pure Rotational Energy- 

Levels) fainR c*f^ i ^ *tte®t?ra to 

yfyRFRf 5?c«T "pi (Pure Rotational Spectrum) 

5/S l 

3rTvs 5T ^ si^lTCa C^<T*f ^ep (Polar Molecules) 

quaere fafa?^ firsts ms ma i *$m ca% «i*pr 



Tw 9*2 

*t^t s ^ri i 

TO *RTW « <HTO^ «ITCRW*S<3RF *RP*lt?I?l CTO «TO I 

<©$ «l^T?ft *tra^f*lk «TTKR fafa?[«| fa:3f$ 
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TO \ N„, O s csRp^iT «r*pr (Non-Polar 

Molecules) CTO ^ to *n i 

*f\5?irc CTO? ‘*F?*n (Correspondence Principle) 

^ irirat c*r=i sr«pr cro§: ^ ^vs *ro i 5® 
*TR^T *rf$*TO<T 5fC*fJ TOTO MfiSTS WlR ^ 

(Selection Rule) TO1 

Aj = ± 1 , (96) 

jptffcRTO (9'5) SispiTBT j 43 SIFT TO “Tf^TOS “fe'G S3 I 

CTO Aj — — 1 S3 43* ctoto 

CTO 4/ = +1 S3 I 

sultara (9*2) sr-pira *nra to3 toij *j*5TO3 

TO fass^ f^fasw* TOT*^ TO 


v== gji 7 {/O' + D - 0 -1)/} 

h ■ 

477-0 1 


(97) 


&TO3 ^TCrjr^ CTO* C3T3H ^T?T C3 fafe*T *fT3^T *rf*?®C33 
TO3 5gj (9*6) TOR Wlfos WTOST TO 3S J^IFF 3<T*it- 
cs*n S3 1 sira^r ^nHt* 

(Pure Rotational Spectrum) ^W> ^C 3 1 4 §: ^Tcta^TsjfpFT 

ndsstMj s< 33 i §?^o $1 T?r^f^o Ufa 3*31 c 3 re 
to 1 esres^ *RrarafoF <53 10 -24 31 10~ 23 srrsi yfm S3 43 * 
cto^srt 3J33FT srosN sjTfs^ 53, 3^3 jfsftesgei (9*3) 
si-piat ®n’ e tt<r^F BT?T-OTPF?r sift S3 

/ ~ 10" 2 8 x I0' ie = KT 89 smtfsr 2 


3^©3T* tftf y = 10 331 S3, ^TTO srsffo?Fl (9*7) C3C3* Ui^S 
?3f3*3l e T3 TO *JT'G31 3T3 


V = 


6*625 x 10 -27 XlO 


=1*6 x 10 x */<&&* 


4X9*87 x 10 -8 * 



*TT®fa* 
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Wrora to 

? - = ^=rl^S ^ 0 ' 02 CTh = 200 <‘ 

»[* srra^sr ^refta^rr^Tor^ 4$ sir w *iT?iTsro 

3TC33 SJT5T3 Wfl *IT'Q?I1 3T3 I *^£S §*R3RF 3«M- 

C3W1*[fBR[ *fT3**ff3* ***ITC* 3R3R *1?3SiT*f *3:*T, (9"7) 

W *n*fo* srcc** sir (I) M3 *3i 3T3, w vva 
(9 ’3) *sft*3CT3 *TT5TC3i ^ srj^ ^rrt«i to ^ 3R3R r 
*31 C3re m3 i 

^TBltaror^far *£3 *T3:*lTfe (Far Infra Red) 
* 1 * 90 * m* i v£i\s sIM ^sFfcf^j spro C3*n *riT*i 

'Sl^vS *31 C3*T *fT3T>RT3J I *1313*1 3<T*ftsim* 3*0 4CTO 
3J35T3 *31 asnrr ri i 33R3 *n*fa* 3^3 *\h^u§ ‘*tt3^t- 
»»ptftT ^TBft* (Rotation Vibration Spectrum) ?333* *BfNn 
*31 *i:WT^5 5JPT* *55? I 

9*4 : «TR^5«--»N5l 

fesw *31 35CSC5 C3 *T^ STCF5 C**5* ?*53 

3TC* *1, ^T?n *«*TB?t C331 5tfa 5ITC* I (9'3) 

5 sqos§pf ST^* C3 <£l*f$ Sf? *1T3^* f5*TC3 *a*Rl *31 *31 5£3:5 
^T3 *ff33fls STIR *3C^ ^ C3 <£»3 *f<RT^ c*R 4*fij 
fcSK 5T31 *<^*F SITE* I *ftf STOT3 TO3T*T3 ^ 3J33R r 0 53, 
SsT5C*I C3 C*R $£Sc ^TFT3 3J33R 4*fi? faW ’foil* 3W1 
3C® 3TC* l v£l^ *fal Ar ^ 3J33TR3 ^*RT3 ^3 
C5T$ 53, (Ar<<r 0 ), ^T5W ^ »W *3?I **SI* m3 (Simple 
Harmonically) *t$ 1 *rj«it 3 ***** ft* *3*1 **$* m3 

*:$ sn 1 

*r«( «wi^ »rrt«i 5^3 siwi »D*$i «n*^ 3*r tai *:3 i 

! 5TT*^*ft 3*1 *TR1 *T3:«1 5^5 m3 I NaCl, KCl 

C3tot3 CTO *T«(3 SJE3J »f3SIT«[ ^ *IT3f^5 *13*513 SITW ; *31 
Na + W CP 31 K + 43< Cl" I «ateR3 f*33l^ *IT3R*nft 

1—20 
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3JRER TO f®R to3*tI to tai to i 5<R TO1 a5TO 
cto Nspftsr 'tare arc*? ^*R to* f’stoft? *£n «j?n cro 
arc* i a**ac<R fro TO 5 *’* to '©ri to frotf wt to 

5RRR *TCT I TOFICT 5*R TO3 

5R5R 4^t>l ^ITOSl SIR r 0 TO TO TO» ^*R TO* TO! ffS 
afaR^ipfal ?TO$4t TO tol TOES ■[** TO I 4<T TO*! *CW ^ 
*I?RT«pr *RRR «TMT5TOT3Ct PPW aS’TOEP fTO *[ff ^f^TRlt 
Tto$* 1 3PC* ; PF**54 TO <PRRT?§[ ^TCa, TO '©'© ^jk» 

aR i vsRTv&i ai^to wa5$* '©£$* (Pauli’s Exclusion 
Principle) TO TO 4 ? aTO ?TO$*ft TORT ^ 5* « ^ &5* 

3TO fTO^it TO?! ?3RR TO CTOTOWR f *«R r 0 TOIW1 
TO 55, WT ^§*1% TOR fca#s tof ^ TO, TO*! fTO**ft 
TO 5fav5 W^ato TO *Rm 53 I TO 3*R r = r 0 53, \s*R 
f^afe ^HTO 55 1 W*(?& PR ^ 1 $ fc<»3 ^a* 

(Potential Well) to w*WR TO ; ft 5 * ca^R 53 3T* *WJW 
$tsi*fcR cto ( 410 ^cs 5 *f 5^1) 1 NaCl a^?fo w*i s«p* 
a*sn*fl[fa* TOW WRRt* tor (Ionic Binding) TO! 1 
TORk TOFR Cfl5 f’sfoato &TORF aTO aka^T (9*3) to 



WaTO«f^ «r«t“?r CTO CS*B* ^OTOC^ »KCU ^T«lfa5f 
kfeak *tTiMVc*fa caafw 1 

c*fTO 5C3£*I H a 4TO fato tea catoia (Organic 
Compound) CTO WT«tfa^ aro* a^pfo feia 5 $ j ^ta «£R* 
PTO« TOW SRTO k«3 ^a* TO! ®R^R TO I 
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$ zm$ ^ sr«iP5 *firoi*i 

tr*ns (Phase) **rfaf\5 5C® sure, 5TF5 laws ^re*s 
aw *rac?r Harcw «itw i ^'r *rtot 5 siwi ^Tsin^w ^w*n*r 
r 0 53, 3*R -r nf^*! 53 , vs<r iflpr^ 

siwi .t* 5i^ *isn*pnfo* 4^1$ tai i 3fr «fii*n*i ^3 
^5 tn x 'Q m 2 53 i£I 3< C3 c^H *j$Co 4^3 313*JH r ~ t' 0 -(- x 53, 
sstsw «nc*tfo* *tfc3 c*i*n 3T3 s 

j xr= — kx 

4*raFT p 5C6§ ‘rfZ'Ts ^3 (Reduced Mass): 
ll= 

^ w x -f w 3 

C3C5* r = ’i\ «Fs43 siTsrai 

[LX = - kx 

srsfa x + ^ a* = 0 
P 

^3R ^**IR*F 55 



*(3F3R C^T3R$T3 ss$ ^T«fN^s 5W 

£. = ^v 0 =4\/ } (9W 

vam^T t; 5tf$ <a^ *r*iji ; <are 3*n 53 *wt c^Hifoi 
*R*1J1 (Vibrational Quantum Number) i 43 *TST3J 
SIH5C55 ^ = 0,1,2,3,--- t^nfr i 

v 0 >1^ 59T1 53 ‘a$$ 3**iK$’ (Proper Frequency) i 
3T«(f& WT fa5P$3 **P*R *lfe®t3 9[TW (t; = l), \5*R 5T3 
Vo 53 I 

C$T5Rlfa 3®lfaiffl3 ^ **t«R *lf*?3 SIR (9’8) 
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Wf gfT# SR ^{ ‘sysy^s I ^ ^?jT^t 

^<?st ^rsTSf^r s^fsttFra *u<w] m 

E L , = (v-\-$)hv 0 (9*9) 

5! *r i 'T i T C^TSR^TSi TfV^fJl d *jj^ sj\5^ | *[fsf 

' 5 1T C T?4^ 'STN'^iT 3 T B9 ('I ^CWl <F31 ^T?f \sTS>£c1 
^"SR*! fi^T?^ 3U AZ'= ±1 fa^TR 3JG ^T?ll | i£]§5ji*f 

*ffe^T 5i *f 5 R ©£33 5JC*JI TKSRC'R SFC«T 

Vo S<3S1 ^ 7U5^*1 ) I 

^^*1 (9*9) SfRto **f*R 5?fa^s *R*R “itSFaRT^fe 

STWI 4J4*fR hv 0 SH«t* ^'8?fl ^?5\s I f^s wfssfjj 

c^r?[TiT$m Tf^n z> ^ $5 ^?r \5*rc f<rsr^ 

(Amplitude) Ar ^ $^531 c*TC*Kff »f*R 3 Rffi *fWT ^ 

531 sn, ^*n ^ §cm ^\ ^c?ic5 1 

^®?TT\ *[4 ^ 5IH c.’-iXl^ C^Ki 

(9*9) ^r?n fj?*frf3« ^ *11 i v ^ &vs 33 *rf$*3 

“IT . -. 


cc 


3 - 

2 - 

I- 

0 - 

T55 9‘4 

**pra *f?®*3?r 1 ^rf«Ttnrt *?1w (y - «>) m ca«rm;f*T 

3 T<n *r? 5 ?K 3 ra fsrarcrsssr (Continuum) c*f^ ^TCW 1 

<TC4*jr «« 4R sre «nre 1 tot v w to sra, ^efrc 

*GRT3 4I44R W ^4 C&ft 5CT 3RJ, W? “itos^foRI 
<d#i &&«si afTan fafs $$ i ^ ?rto* *®n ^ 
‘srfsJTRft ?far (Convergence Limit) 1 v£j?ra 















smtfaa 
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sea 5 Jn5=z i aaaT*{C3 afans sa i aimfaa *a*ra *tf<y®rea 

fcacara? aare faaiTa (9*4) ta scare t 

^rcataa a*re a^ca (9*3) ^5§re ^Treufsxs $n*i?aa 

sirofo'Q afos area i a^a reri> *fa? ^a aua6a a?*? ^ »i«r 
aft?, ^ aare afei §arel fa^a are i reTftsjfforca ai*pr 
rerS aft? c<a*n care ’nra ( aaVm 9'5 9‘9 g'daj) i 

E w = E„ + E r = hv„^v + ^ J +g^2j/(; +1) (910) 

^ swes aaaT^ ^f$a *a*rrea are *Tm amm afo $p© 
a?aa?63 sa i gsarc ^a s??s-5ma (/) spaa «rrare aire ai i 
aataa*! (9‘5) fafa aaia asm aai sa re I = spaa i auaia 
ana^rea are aaaT^ $?$a acai atf®caf*sa a«i (Centripetal 
Force) fsrni are i asftaaq (9*9) af«aprrea asm 4§aia 
can area stfsa fare&ai aai sa ai i &area ^srrreTrei reca caian 
am re $r*[a aiTa^a afe «$at **p«r afo aa^aaca srstfre are i 
ca^mi asftaaa (910) a«ifi afta sre aTca ai i ^a 
asftaaaca caT^f^rre &a are fare an*ifaa afsmaa, acai 
assmrea are ^asr ^Ta^a-^a^m (Rotation-Vibration ) 
a^mfkaaia a*aT<a fa*ia aai am s 


v Br = (J5; + E r # )-(E B + E l ) 


= v 0 (*/ - ?;) + 


h 

8?r 


/(/' + !) _;Xjl +J_)l 


r 


(911) 


aua^a-^a a^rsjfew fc^Fraarat a^ama fasfcifara fa^TR 
(Selection Rules) ami fatfrfavs sa s 

Av — ± 1, ±2, ±3 ^SJTfc 

ziy=±l (912) 

cam cam ^a era Aj-0 asproffre ao> «irea i 

ifl’TOf ^rearemi re fafssa *a^fa *i^?®re «rga ^^-smcaa 
am to sa i (911) aataare &asr « snfa afesca s^a-siaa 
I mi l' arai fafftfare aai scare i 
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*a*H *t?*F3 faffa SHOT ( V = &1* ) ^TT^frT C^TSRlfo 
*KajT<T W^ sti^T aTTO I TOT afoft »W “tf'S'SERT SIC*« 
<T^ s^ai^ ’3FT5T^T?5 'STRvsJT aT'S’S^ aTt$ I ifiaTPT T^CSTaWffil 

cq *a*R *tf^?r srnr v 0 , a^s ^"aKiro §as 1 

^fT^ STT^^S jUSR ^?r «m *T?3F3 STH $IT^ *lfe[ ^?Rm 

Continuum 


z 


3 

2 

» 

O 



fw 9*5 

«TTlfa* *WJ <3 ^r?T5^ -iff 5 ®? j 

*mw ^;a;«i ^ srare 1 


to^“T© *(«i «“it 5ff p 'stfre E v > > E r 1 HC1 

(TO asitei *rai ‘af\s ^a^R ssatfwn’ (Proper 
Vibrational Wave Number) v o = v o /c = 2907 

cafa -1 ; $iasrare §*r ^ OTrawi* (Rotational 
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Wave Number) v r = v r /c~20‘8 CTfsj -1 W?n 3T?f i 
<9'5) tar ^ stppfrr 

zm'rtv i *t^?s^^tar *rc?p*rf?r^ *wh 

**\*m “[fes^Tera <jretmR<r ^ ct i 

(9*5) tar wn sire&T 

to c'fw srare i <§sf to T^ta toj 

(912) taR-^p toi fa*frta wsitfm qwr 

scare i ta cto* *tse®?§ a^t?wH sa ca ^ s *f*ra tos toj 
’R ffSTCW ^FOT as JW ^1^-^fssR ^rsitawra sa i 

<a£ caar’jfaa fiw ai ^w-*iwji amn fik a** sa i ^rer 
tiaras a4r®itaw arer vfl^T®! ^aa* caai ?$7nca c^rai am ai, 
il^t& *d&a (Band) sre com \ 

(Rotation Vibration Band) aiNJl a*ai ^rr?r \ 

4*rrre fcowCTTOi ca, (912) asftaaa nai fates mtn 

»P*R 5TW5|*I9(f8Rr TOJ Av = ±1 5RZF5I«lfS?r ’WT^I'Sft *{a ca*fl s;a i 
*nftTO aiai <*& frrore >rcftte sa i real aia ca srca^-^TO 
*lf$9(f5R[ sni^I Av- ± 1 *RSTOa SPC^T §**fS ^T®1 SRI 

«i™ TOa* ca*ft sa i 

§to spr 5 frnsaw HC1 s^a a^s a^rra** arc caca* 
*rcfw^ ^asrc^i *fT«ai aia l/v 0 = 34,400 ^iir = 3'44 srfeR i 
^qtes 3na6*-*wr atoTcaaT^tea ^astf^a an aro 
^Tf*rt^r ^aaita sa > caaT^te ‘teatf srareiTfs^’ 

(Near Infra Red) stoot sfaf’S 5 ® arca? i CTO *[<& siTa'sR 
a<fT*fta (Pure Rotation Spectrum) ^*RTa atot 

TOFW *faHl SigWrcy a^ai SIFT 5 ? ca*iI *[fa*fTSR^ I SHa’&T-^FFT 
^Twftaw*(T»Ri tot^ ajaan ’tt^srra to sttafaa* sna^i ^ir^hr 
aia^©to ^5«ri areai mi i 

arca^r a4rsta Sr® «n?r^-wp*R ^T9ft« w^®r ^tcsrf ^?r 
cto ai«?n csrrJjt «j*p cro aT««i ri i 

$*tc?Rr «iTOTiwra in (?r^?n ct ^tS?r tefwWts 
(£ e ) ^f?r^v5 ^ i (9’2) si^cto ^?n c^ 
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sir *Rrar®fa* *ftm 

3[«fa ^C^Sfa-tfSIFfa TO i ^®<itc *ffa?S<J${fa3 

W«JR <£TOST S3 C3 ^TC*r?f sIP1J Titmmz *K*l $%*& 

^rsitaw^ta ^iwwn 10 4 wfa ~ l «rcwi z$ \ 

yror stott ^t*5® 5 ^ i csrre c^T^n ?n?i c^ $n«fa^ 

IT 

: - ■ - --- - 2 

I 

7T _ 

- i 


o 


2 


I 


z 


o 


fee 9 6 

wji *f?$33 i fssr x s « X TT *;f£ IcswJtata *tf$OTr 

**f«H <3 ^fF^'T ■t?TO5n;?S|PF ^fq‘« 

ct*tr zcxcz l 

^tepp&rte *wr »rf®Rr ^rt?i *tfw 30 (£« > >£ v ) 1 
faff'd &*&$$$ *fe 7\*»m Sf<3 ?3?®Sf **f*5R *fa?ra 
qrore arar 1 wra afoft *wr "fcFscaa - 5f^tf ^ 

“rfsw «im® arcs 1 stsftoro (91) 3P3TOr ^ <?m> 
*fty $*raire f®sr aw *tfw ’fstf'fa *fsrrc 1 (9*6) ta ?fffc 
fe*i?Wte "farora arapfo fifes' tori **m <w w&r ®3*jfa 





313 


<?r*tH 1 4Pr3 TO TOFTOT ^ C^«U^?3^ *TO3Et 

(Electronic Band Spectrum) 

5?r I fafeff TORI ’KQ^fat MTR-*[?r (912) TO1 tok® 3$ I 
$t@FFstfk *fr£?[ki a^®»tw TOcmdta i 

C^F^«T 5^1*5 C?WT*(ta ®*T3rto ^“TTSTTR 3f<TO *\U& \ 

own <4$ *rf&*jfar to ^T*it tow (Spectroscopic) <tsi 
3rtTCWl ^to®fJW I 

'5fT c lf^^ s 5KSFT5 *raHl ^C?T Sf^ST 9fk wk 

*tok ®sij tot ^?n i fc*ra?r suceu^nr «n*ito 

^TsTC C5IT$T# ®TCT ^INIl ^31 5C5FC5 I *TC$f 

erffo I ^SfR ^Ti^T^T?t ^t^to ^T«it ^ffTS 

^T?P«T ®«tj 'OllWIHI ^?(1 R?f I 

7'5 : ^5f fell 

^b* spot® ®T<rsk tokt c®w& stsr 

(C. V. Raman) toi TO^T c*t c^k (Benzene), 
(Toluene) s^f® kto ®to*t swj to y*nsiH sntsiw 

<tf*it *(Ttot, '5IT 9 t?®® 3?*P SftocV kfo$ kfcTOT TO ^T?ff 
®33?to 5P*(S ^TvSTvQ TOWT?® ^5^3 <£W< *fM®?T ®3to^I 

3T^ kfiFs ktoi rs i wSto on ^ ‘aror toT 
(Raman Effect) i *rr® 9 [ ^T RRTk*l w w *npik 
*F?TC«k TO ?fJ5R tai *ftoto 5$ i 

aTTOT arcto *i<fNT<r *rca toi *toTORt ®rj stpw 
$rr$®a *RfNn *wt® §gfa® ass i kc?f *k® *raHi 
2WH®* <HT& fc® (R. W. Wood) RTSf^ ®nwf$WH f^pft fcgTCST 
I 

(9'7) to T vfwf§ f*TSH (Horn) sjif?® *p*f?T #t& to i 
<a§ to?t to *nfasTifa ®<r*t <tT«n «ttct i TOfik ^kMra f^Tk® 
^?n «mw i tos as ms i*wft sm®* #tc5<t c?n> sirora «itct i 
<ji( cwk «roi to ®TO*r wwn kto ktoi S ##w 
(Spectroscope) to^ to aw*f tom A ^ »a^ ^rrosrr^ 
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i Rwres mm $fFfc 3Tfo (Arc Lamp) vtmft 
T^TTO 3I3TO 331 53 I <fi$ CTO ^8^5 W^?I TOJ fa? 5 ®*! 

r*r? ?3?33 e i «nw i ^5T snwpp sH F 
a?<rar3C33 (Filter) m to ato 53 ; to ^ srafro i£)33«ff 
(Monochromatic) fa*r© 53 I *tf35T33 F a^\o*fP3 

431$ =$T5 ' p tTC€r 3T31 CTO 432f3T3 ?3C*f3 ^3*1 | Sffpf ^ ^fSf 
^T?sf^ ^it^t ^TT«tcv*i^ 53*1 (Acidulated Quinine Sulphate 
Solution) 53, nsTTO fiTS^o 433«l1 3TOTC33 vs35ft^I *1T<331 3T3 
4358 ^rr® i srorro 3Tfa d>EtoGPT3ife® g^qj siraiTto 53*1 
(Solution of Iodine in Carbon Tetrachloride) 3 J 35 R 
3TO 4046 SflK ^35f£^ *I*TO 433*^ *TOT3 *!T0?n 3T3 I 


■<bs 


fw 97 

?ttsr to *r'cw*rj 3j3^i i 

F CTO f=T^f® T R5T 5T*tP5 ^3t*R 5T31 f3fo$ 5? I 

^rc®irW3 ?3| Sfv*T Stfato 3?*l[3 ®rf«*IC3 34l»iWhW 3t*S3 
TO aC3"T TO W &8F fato 3TOTC33 34mk sraRsfoff 35*1 
331 53 I ^3<?T 3TC® STT^fto 'iTOIC33 S5TC3 R 

TO 3T3 ctor 3iwT3*re* T Rstffc a^-^4 J ^33413 (Jacket) m\ 
C3^j*T 331 3TC3 I oT5T^l 3nc«1lt33 q>hr51 33T3 ®HJ T R«1C3F 
C3*fa TO R ato»I3 3J35T3 331 53 I 

(9'8) to 3TO 3^3 3C33fS STTOTWfwr <?r«fR 5CTO I 
to 3T5R tom to fafflfsj Wrowr 3<iHk^ ***& 
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fw 9‘8 

ancsiwfSff l 
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^nTf^-CTOTU (Parent Line) ^ *fTC*f TO^iS ^ 
^tfrsftam fa*T*fa *rre?n nm i isl carfare ^tenai ^ 
srmtsvs stcsitcto ^§51 tots ^ 1^1 toi to i 

<ST§T^1 nift^FTTOI ‘’fasiTCT $% TO tort TOJ 

C*FTC$T5fTfcFF cw:fo snOTra*F»ire (Exposure 
Time) *T5? ffa TOTO i 

9*6 : ITfSR farm 

TO *fTOTC<T TOC*l ^TSJiT fcfifafao f«CTTO«lfa 

TO TO *TO s 

fa) stsr fg=?n^ ^*rr^ ^4i»ffepn st^i fhfos w 
fgM TOffci^i 5i"»w to^IS ^Vi ^T«ifei^n snsrc^isftos c*f^n 
TOJ I *^53 ^5TOWl ( 31 f 5TO TOTW ) C3*lT^faire TO 

TO ‘c^Tf^ CTOT (Stokes Lines) i TO^frtfl ( 31 ^TORT 

TOR* ) CTORjfelCT TO TO *?TOite C#H CTO* (Anti- 
Stokes Lines) i iflsm?r Sbwctoi C3 afesre 
(Fluorescent Spectrum) c^to c?r*n cg«n 3TS ( 316 

^DTO 5^31 ) > C$ T^T CTO C^TO SIRR ^effevs^ CTO1 3T3 I 

fa) C^Tf5J 'S ?3*ratva C^Pi C<T*IT*(frr $**ct*rs C3*IT3 vfc 
m.*t *raR tor 3* 3i33TC3 ^3?^ m$ i ^ ctoi^r tor* 
&*<1TW C3*(T3 ^^WTO §*RT W3 TO I «flTOT C3 

«foa« 34Tsfbr cto ft* ^3 fansfc 3 $ i c^tcto c^ppr 
C33T^far3 §?*1R* C3*fT3 TORCTO §*[* ?^3 TO sfl, af®a®l 

•Pritf* §*ra fo»3 to ( 316 si^? gqfaj) i 

fa) C3*n c<rc* c'St^pj « trots c^if^ a^fera 

3I33T3 fav) ?JF »3 to *RitaT3ta *fgT$3 3ffs<T §*t3 ; 

flwnr torcto sfa3 W3 to *n i sfa v 0 to fcro*r* 
crora tor*, srsc«! c^pj 'Q trots c 6 ^^ c<T*n ^ to? 
To TO^FCSf S 


v' = v 0 - /IV ( C^T^ cw^n ) (913) 

v " = v 0 +/iv (froite c^ppj a^n) (9*14) 
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4 TO or sfa $fc*fT*f$ owra $^1*$ v 0 *lf 33 fi&© 

$31 ^rr?r f am ca^faa v' »$a< v" 43 R€ica 

S 3 C 3 v G c«R:$ OTra $**fR$ aja*fM /IV smfaafifc® eirc^ I «j“IRR 
3 rT ^5 ®*»IT*r* C 3 *fTf $3 $**ra$a ^ 5 ®RTa 3 m C 3 *lT^fel 3 
3 mR to$ $sr s?r i srtrc jv < < v Q 5 ?r i ays* 
SWOT /iv STTSTaSSS *ITOJs COTS S<wifcv 5 3 T^ 

OTCTtfs® ®)<BC*T STSfSFS ? 3 C“R fac*R S^Tsft C 3 SR S^TCCSR 

*TOT S 3 I 

fa) am ca^^fas stasi (Intensity) ^TOTS^S ^*IPf$ 

cssts ^rr ^ sr sai isiwa src«n c^ppj csw^fcRi ^si 
Ts’fat® c^T^f casT^a ca«ft S3 i *iaHiata *rr?r 
$3C=T CMCSR? caST^faa \gte\51 fof ft *fR I 

fa) am c33T?(fa OTT3«Ps8 OTS? 5 ®* (Polarized) S3 i 
OT 3 ®PTS *ff 3 OT f^f^SST CTO fcfefT S 3 I 

( 5 ) &*fC 3 ¥ 3 ] SC 3 Cf C 3 ^TSIR ?ZFSTa S 3 

fafoaC'R ? 3 CTO 13 (Scattering-) I ? 3 CTOf 3 3 $fo 

?¥f otiss 3 ir:^ cw *r**$ f«sr S 3 i 3 ir :=7 Tarawa cto 

tafa# RTcsrrcaR ^afaaf® ® «itc^ i rtoot am 

?SCTOf3 CTO fafos SOTlTPfa ®35ffrrfaia *[?aa^5T 31$ I m& 

facTOfa cto Ric^nm ®tsrei (/) ^asp^faja $aa Wa*ffa 

S 3 (/« 1 /A 4 ) ; f 5®3 539^^13 ^TCmas C^*ft ’fftTOI fafog 

sa i fcsnsassapf arenm cac$ facroa *m f SFsa 

ssaspfrfaj *p*»y sfar atfa otjhj atfa wi ca*it 

?a?*F$ sa i toct^ ^Tsr<n 3imc*R slfasi cwfa i am 
facTOR cto fsfotf rr:*itc$s ®asfcfaj *5fam acai §*icarc? 
aro c$h ^*M- aT« 5 i m *ri i 

( 5 ) afea®-f^c^ca?l (Fluorescent Scattering) 5 T« 9 f 

mu t^c^ri f^i sn^ otot« ?© w^r 

ztftez l v£RTR at«^I 5PffC?F «ITOTIWI $31 SCOT I 
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«*7 ^3 

yfiTTo^ ^5 (Classical Electromagnetic 

Theory) C5FP 5TO tare TO 6 ! cstf$T$taire C5T3n TO i 

5fr v TOITW WR ^f^pTSfa ^<T3r CTO *1^5 SfT’tta 55, 
S5T5C 5 ! TOtsre *j? 55 v !>7 E — E 0 cos 2irvf 

5WI ta?F-aT5^ (Dipole Moment) ^Tta TO, TO TO 
55 

p — aE 0 cos 2?rvf 

a 5ES *ra5fa5l-*piK* (Polarizability) I TOre^ss a 4^?$ 
3re<P >K5J1 55 I 4CTO a 55 ^1 l 45* 

**fTO *lta SRI *!Sft?re a 5tfs SJTC^ I <$| 

*ifa56Fre to«i *i5Sf®TC5 tafata c^ren to \ ta^- 

STTOre SIR ^ TO fa?RF5 { Dipole) OT TOR 

45* C5T?F 5^5 5CTO *pIW5 I 5 ®r®pr TOT 4| *$R 

SRN'S *T?55fts'5 5X\s $ITC^ I TO5T^ ffCSfsF-SiR^'Q *ff53?^so 55, 
>R5tal *{®TTW a **fTO TOR^ ?T5^TC5 TO=T vsTC5 
*f?55?ta 55 I 5?^ ^ smi 3 ^ »ITO ( 51 TO^ ) TOIT^ 55 V lf 
\sT5E*I *IWT5*1®TW CBT51 5T5 

a = a 0 4- a x cos (27^* + 6) 

4*(TR 6 5ff$ **fTO5 Jf»n (Phase) I ^$5T* tores-afsre TO 
/> = [a 0 + a x cos (27 tv 1 ^ + 6)] E 0 cos 2rcvf 
= a 0 E 0 cos 27 rv^ 

+ Ja 1 E 0 [cos{27r(v + vjt 4- 6} 

+ cos(2tt(v- vJf-6}] (915) 

vrftm (915) ^pm ta<F-5TTOre fata 

^«9fT^<p 5f?M >rsr *ffa5^re *wnc5mCT5 (Super¬ 

position) *FC«T ^ 55 TOT TOT TO CTO$ *TO I 4§ 
fojtfS 5tf$ V, v + v x 45* v - V x ; 4C55 TO5J OTlffi 5C*5 

5>TOTOire snfa toit^, to ^ ^5 5 (51 stt5«pt5 ) to 
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53 \ r^toI swHfa ^Tftvs-ftPEF 

(Electric Dipole) fa®f »ptR toirs R**iS ^v^ggRsfa TO5 
?R83?\s to i iscro Rgfi* v, v + Vi <sm v - v 15 ^ foRft 

tow r**j^ rte«to to i sfc«n a*roffi zm RT*ffc$ 

rifitot tow i ^ rsjtto tor ^tsBc® st$ 

ft*f?fh5 C^T^j ^ C'frspT ^4r8ftawiTO?r tow i **vfrst 
^»nw gfaitawi c«iw gffa tor? toto (^v = v 1 ) r^3 
**fwfR ( <to6r) torc?3 rrtr i cw*n cto cr ^ 

csrc? fafaacRa 3<T®it3 rc*o tor? w gfaitawi 

OTl 3TS I CSTOT^ftl TOC<Rlf5^ ®f«BCoT TO?W «fIW I 

S3ft*gg?k ^ W 3ftG TOR TOR CTT$Tgfi> 

«IW CTOH TO, TOR C3RT?[?TO vstesi (Intensity), Rsraftsvsi 
(Polarization) t^uft ^3 RT5TC3J 3JTCJ1 ?3l to ri I 

9*8 : *TR5< fapstiT C^tat^R r? 

c^ttoStr ^3 tor ftro tost tor 

CRTTO (Smekal) rtst?f ftRTRt *;**© RTffR, R*fa TO?? ta 
RlTg*TORr TO? TO ^TC^I I v5$ 3I3RTC3 3RR /iv *1?^ 
TOS RTC*IT? C?T#R CTO R^3 §^3 SfT*tfoo 53, \s*IR C?T$R 43“ 
sjc*n fagftiftre ?sr sto ftfosi gte •nw s (?) wifisrtS 
R®(3 CTOT^Tsi tow (Quantum State) c?TR *i?33<tR 3ffa> Ri 
?C3 fttasr 5t<s *iTBr, to ?ot ftftpg “fe 31 ?«*n«?3 

CTO *(?336r 53 RI ; ( 3 ) C?T$Rfi) RT*fR “Tfet TOW C«Ir®C 3 
(Ground State) RgftjR R^ft? SFfTR TO, TO TOl R«(fi> 
«lftp8C3 5Rfffa* 53 vfj<T< C?Tl>Rft3 *rfq? TO TO ; (*t) R«[ft 3ft RTft 
R33[I3 “lft?SC3 R3*5H ?W '®15W C^FT^R^ ^ C®fC^ 

*ft& R^SI5 TO, TO TOIR*j® “ife 5Tf3C3 C'otew R«Ffas 53 
C5 FT^r 1§3 *1% gfgi ^IT3 I SRSI C^nr OT>R <3 ^®(?t TOI 
3RRT5 RC§ TOT RCR TO TO, vflCTO Wp® CRR1 jCR 3 TO 
Rift ^'^fRWRJ RRTR 53 l fosfa ^3' CTO C3R$R <3 R«[? 

RC«U (Inelastic) >RTO 3C^ w TO C*FT&R3 
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m (c'Sfpj ) 51 5?r *ir (fa*Rfte 

<3151 ) i 

5?^ SfTsfa^ m*$a (Intrinsic) *fe<i sir 55 

W x , mfc^a *rcw fatera *rc?r »u£ *ffei sir 55 IV 2 $a< 
fafo# (?PT§CJR *lfa? 3$ hv' f ^T^Cep *ft? *K3 , ¥ c t *p Sfljpmft 
* i iT'Q?n 5R 

W 1 + hv=W 3 + hv / (9'16) 


(916) ^sftaw aca c?r«ai 5t?ics « ^ <w OTtora wn 5^nm 

SSFOT *I®|f&5 CTO *ff<R^5 5$ 51 I 


(916) c«irc w?n 


v' = v + 


W x -W 2 

h 


(917) 


5frf W X — W 2 55, «r«pr «it:^, «a5< 

v' = V 55 ; fafaaPRT TOITW 3fT?ff TOfT«?3 55H 5$ I 

5fa W x < W 2 53, fa^?T *1?^35 pw &F55 *ffe®C3 
3T«rc«| to, 45* v' < v sa, stfrc fafascTO ^ 89 »t^ £T5 

*fra 45* c'frpi cam 53 i srcto W x > W 2 53 , 
toot «i^ §e&vd 5 *fe®5 U^a sea *wfa« 53 , 43 * 

V > V 53, s$t* fa fastis m?r 43s fa*f#© 

C$ T^TJ C3*IT3 55 I $<TO¥ TOfT*^ CTO 51 

fa*rafo c^ppr cam toto 3j33R 55 


Ay — v r — y 


w x -w 3 

h 


4§ 3J33H «r*pr *ffay®3$(fai3 ^Rl fa^3 TO, Sjlfa WTO3P5 §*13 
?5§3 TO 51 I 


SlIT ! f5'QC?I5T-C5^5SlR WJT35 ^3T?ft T° CTO §*Pn© 1 fafal^ 

cro *nnR3 toj IF *rfa?ro ^t 5 ^© «i*pr 5*^i 55 

n = CNge~ w/kT 

45TC5 iV 505 *JJPT 5T^I5 cswd 5<3fl, k $m C3T5fOTH *F3^ I 
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*R!SlT«l 'Q C^F*5^ *rkr *if?ira 

g ^«n 5n*qrafcw-«ra (Statistical Weight), m 

’fTTOFa: C^T?IR$R TfOTS fa^<T TO I C 

a 3 ^ i ^<j w ^s re*fl sja, n ws *sr ^ i 

fcHT©5T TO, C^fsiTO ®raf^\s ^ »IW &5<55I I 

Tiwm ^pto re*fk «re eefa to sure, to re*ft<r 

^5T$T CTO§ W /T 2 > 3$, ^N C'ST^T re*n *iTOJ^ 

OTt ^ I 31 **fTO3 TO fof 

f*l ^*\Uw- *ifes3 m& 3TTO *if^ c^tsi *ffs? to*¥1 

tori C3*ft i ^T*tk ?rfo<T a»TW ^T«rr^ei &p^ra 

ifl^TC 5fc*l *T?^ 7F*fsT ^65^3 *r?3?TO Ssffte TO 3TS I «fT^ff\^o 
C^PTfer^ 5RW TOTreS TO ^1 >re ^ fainra 


5_fi_fi. 


a-o °_& 


a _ o a a a 


“ Oaoa.OOft 


fl.g.<?Q,g<?a OQQOSPPQPQ ( ?Qfc fl.fi.Q B Q O 0 0 0 0 0 0 0008. 

Lower Temperature Higher Temperature 

(a) (b) 

fra 9’9 

faffs' iftranf ^f 5 ?^ «i«r3i 5K*m i 

*m;?i ^°^ii 3;f^ »w«rt?r i 

“if^TO JKfffsre TO *ITre, 3T3 TO fact's C«ST<pj C<WT3 ^ ^ I 
**i*$vs ’rraRFRr 3 jsrfci vfz^Tfv ?f*t s?r, 3R *ro ?3*rahs- 
re>T^ re^fa ^Tsrei com ^hts ^sr i $951 
3*to ^torf $^<r *t?^to ^33 srrqji ^ ^ 

fa*rate c^TfTj re*(T3 ^terere *fTs ( 9*9 fra g"faj) i 

3T5R fZFSl 43^ SF5J3 9jW# $JT?3 5 TO I ifl£ fZBIl 3p»flTO 
*13^1 C*IZQ 5r*(3 ’IfHi ?lRTai*( araT®?% w Tf^sr? ^51 ^T?I I 
C*K£% ?TTSR {3*ITSffa «Rf^\5 «nw, <JT5R f?^! ^^2FT« 

■pf?^ «fPT^ ^Z^f ^^vs WF5 *fTC3 I 

«ITOTf^5 «f*0C5ra itfrat «W ^ ^ >[TO re ^ ^«a 5fRl 5lS^ f 
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<ttsr teF?n cto ^ro<3 555^53 §art3 

TO31 TO l 

3T5R C3*IT9(fet3 ^^5 MTR 3^r ^T§n fa*fc??F5 53 I 

tfJ'Sjfot TOT<WsS *p* ^Wt 31 N5fN^-«155R i^Tsft 

Mtft 9*6 o 912) cto *f«w 53 i 

stsr tore tot *rfr ^ sire^r “iferore to tofto 3C$, 
vstot TOre'res Aj = ± 2 Mtft 3ctoj ^:?r i sp ^ 
c?rai Mtr sjb ( 4 ; = ±1) ww 1 tot snsre* 

CTO 3T*R C331 feWT «ROTTf^5 C*ITC«t *ffi> fcw 

53 51 1 TO C*R CTO CTO CTOTS 1 aft ^a?T 5PW atfsft 
TO5 C?WS(Tff! C^ TO =T1 I 4^33 CTO ?TTST^T 3«ft«ft 43< atffpd 
5TTOTTf5^ C*tT3«l 3<T5ft faste*! TO *t?3*S3 TO*P 

acsrerifa «fhi to 1 

fro f^spn fafa'd ^rsihsw ^T?n i#n tosi, stsr 
»p( c^5T C3*n cw to, torete c^T^pr C3*n cw to 

31 1 <5CTO ^ITtff <3 C'fripj C3TO TOF’K’W-^^I »T3fh|frttsT ^ 
s a*f3 aft3 TOP^r^’TO »KP1 ?TO 3T3 I TO 6 ! C*PTfore 

totc^d to to ^ 3 to «r«[^T 9 i ^s?r »p*r to tofTto 53 i 
ctos fossre aft? a'asr *a»r3 to to to ^<33 *rcan m 53, 

C5®r3J 43 faasit® atolft 3fe aTC3 31 ; TO TOT faa^fte C 6 ^^ 

C 3 ai cwai to 31 1 3 ra 3 ac^ ^95 topro qprei fato ^<T«fic«T^ 

TO1 a?fan 3^3C<3 C'OppT 43“ c^T^pj §^3 STO C33T$ 

c^ai to i «nf*r <3T^n 3T33 c^^^fro ^rpptoi-toto 

ilCTO ^3 3*3 TO 6 ! TO*lto C*FTft33 *R5TC$ f3?5ST 

TO$3 TO ^KSFTsTvo 53 » 4CTO TOT^I fa3T53 *$ Aj =0, ±2 
*lT<3?n TO I 

5TSR ‘fSrTO C^PSH^T 5 ! ^f^Wll ^?TI ?TH CT 

^sncffm:^ awr tm «nT*f «ifisp to*5i A 
W[^? TOTO ^2Ffsp5 I TO i£& C 
CTO B 555 TOTO 9TOFW 5fl> ( 910 fw H^5I ) I A CTO 
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*RWT«l « *rfara 

C w C B, *ft ^ mrn'fc sj^pnfro toficw c^ra ataRri 
f^TR? ^5 (/!/’= ±1) 5T31 Mlfos 53 I «£ft writs TOFSTO 
awfcR* TOR*! (Virtual Transition) rwi ppesi 53 I 3TS3 


j 


c 


l+» 


TTT 


/ Z: 

A- 

/ =1 

-* 



i+z 

l-M 

J 

j 


A 

(o) 


C 


ri -rv 
/ \ 

\ 
f v 

t 1 

Lj_ 

/ - 

- 

' B 

1 



_ L _ 




A 


(b) 


fra 910 

3T5R ^ c T‘T^T s t 5JQPW l 


(TO afffQ *rcaR«i sn, totto <stsr fa=3i 

§*I13T3? SHOTO* SIWIW *TO> 3C5T ^ff*Rl *tot stsr 

C33T?(fri3 'ateol, ^s]Tfa i«ft \s£p *IT^TC3J 3R1 

*03 I ^T 5 T ®1 3 T 5 R ftRfT 3 f CTOI aWTBfl fatfTRT tfft ^<J 

^irtcti 35t®ft ^iT^fn am i 

(910) fra ca^ prai am ca saw j *[kG* ctoir&r toji 
? prar sufa *ife ®a A j +1 ( ^raai; -1) c^TaRfra 5f^n 
5T*^fn sra^ 3 ! C ®c?r awfa^ ^zpsw atS i 4a*fta C c«iw 

y <£i^ y+2 (^aai y w y - 2) ctor$r ^n b raa 

■itTOCSf ’Kffsw 3£& 1 ^s3K C3T$ «FST5WWi RT3&T C*FT3RI>ra 

jwn «nf«f ®a c«ic* j, j ± 2 caaaRfrra *rwi ^ 

»WFsn aa> 1 stfrc fcrt tr^ ja Aj = 0, ±2551 *rateTa 

^rai'Q »£ft Mira *ja*(fa aafsre sa 1 **r«fcs 8 frtfTra *pa ®rj 
§rorc? TOProgfro cwriift Ratsuft^ cwi aerate ate arcsr 
r 1 3ra*n <tfr c^r cror wpw aerate m$ *tfa? aia«iR 
*rj ^ ©taa awj ^a^aite Wira *$ {Aj = ± l) ann fa^frte 
torn ate <?rai toi »a *ra me area a^rat ca^faia atajaaa 
srateute c *rm a^Tsita ctr c$r caaia ^asf 
TOIRT 5TO 5RR 53 » 5n*fl3«F5: »IC5RP ^®[3 (Polar Molecules) 
croft «iifcii*f i 
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9*9. *t*r^ ferfa sfcsrfflf % 

*lp$l $zm to ztwcs c*r to^f a&t ?;tft?r <ttsi^ fspro 
asfa?F i (9*4) ^^c^r TO<n cwcafe c*r 1wspn*pj ^®[as[j$s 
acwft* to fafrfc ^pfJT ?*»nw «ro i st^i asa^ 
toi ate ^ cro ^1 tor®!©? mt 5?i ( 9‘8 asitaro 

H'fo ) I TORT aasn^RT TOTO TOft 3a ( 9'8 Jfsft^ICT & 

SK^ft ) C3*ft 5C9W ifi| *«»TO C3*ft I ^<TC ^TOfa*? 33R*t 
(Single Bond) ?fwi fanfare 3Jpffar (Double Bond) era 
*a*ta <p*ik<f &*>S3 $3 i 

faRPn*^ ^r*j^jfsrc^ *fl ca®ffc© ©ra to aroTOto 
(Homonuclear) ism fasr-crofa (Heteronuclear) i aasr 
CS®it^? (?F?P^N (Non Polar) 5*1 H a , N a , 0 2 

a<*fo ia| ca®ifa TO at© 1 ^rasac^ HC1, llBr, HI a^fo 
fasts ca®ft^F sr^fa aero (Polar) 53 > 

*p$| &csra to toes cs otf^st aro's^fa sr^fas era 
«RcaTfas «wjot srafas <TO$a-»a*R c*rre«i aft tw\ sts *1 
(311 ^ sftsj) 1 TO®1 v£iPf?r CTO foipfs? fasRP-OTre (Electric 
Dipole Moment) ai tots snafa© ^TcaTcro to 

to a©T?s© 5$ 3i 1 toto area a4rat a^cwa toI <sws 
»PR flits a«FT3 fa©?T v5«IJ arc?!! CSC© arcs I STSTC CSST^faS 
TOfT^TORTO CTO Wm »awR *F*aTre, 33Rt sa a^fa 
tea®! toi tocs 1 ^tRsagsia shafts afana cro H„ N a 
«w O a sr^fas 3*aTO to ares! to sstto 4162, 2331 
1555 cats _1 1 stfrc sv?m a3ST<3 to aft© st*p 3 a^R 
sf'aire §^3 ss 1 ©si (9'8) ssftTOi m terras asca 
a<af©*£l 1 ^tgracsiai car ^1 as «r^s §^©s leasts *rfa®s 
cto fas®s toroMfar stss fa©*r TOfR®c5 awsiPRr s*:a «rfe- 
csast Icas&fts aft fesas 5 a 1 iros to stsr csaT^fas 
TO*riPT?r to ©t«t 5r?afs aresi to i 

cto$ MCI, HBr, HI a^fs ^ajTto awi ^rat 

to?p-5Tsr^ «ro, i£i?n «nats© toi 
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OTiTto 3T3 TO <TOfeva c*m*\ tfrit (Infra Red 
Absorption Spectrum) mm m i frrBRTOTO, HCl ^*p 
<?wi qfaites = ± 1 5gr rai WifeFs 
*(8»(ta (swfare P 43* R *ro ) cro *ra i Aj =0, 

4§ W^i TOTC^F ( WT^Rf Q *ini) CTO to i 

fof FI Cl 5[«p 4$ C*fC3T^ TOW TO1 $W C3<IT9(fa 

cto^s wsn ^rm i 4 5T^i /i; = ± 2 tow toi cro^e 
cto to i cto cTO?fo cto Swr* C3<n « tor 
■sssftoi toto (Jv) cto®i ^4iiihr cto cto cm 

saarwinr to to mm to \ 0-2,1-3 43* 

2-4 4$ 3TSR CTO^foRI CTO A\ *I**[JTfel TO TOOT TOMfe> 
CTO 3-4, 4-5 43* 6-7 C3*lTS(fa3 ^WTORf TO 

TO ^ I 

4^ *J3 *fiftTO TO1 $^?TO 3*W 43* wit W 

93] I 

3S *f?WT«pF ^3 CTO 43#f3^ *TO *°TO *m 43* 

CTO TO *[3 BrSsi 5 * I 





191: JJWI 

*rto3to 3*n Jjfato—3 to $ 3 * 1 , 43 * 9in^ i 

iflpRI TOJ 3^&T 3TO <?T§ *13 C3T3H3 3TW3 ^1 

(Rigidity) £I3< f^fo^iwsi (Elasticity) 3*1 «nw i ^frc 
3*ft3 mwfa §*33 3*1 (Tensile Force) mi 1 C3T&^-$?r«l3 

3*1 (Shearing Force) son \sTiFf3 3C3I f^fo’STWsl 
*ftv5OT (Stress) S3 i to ^8r *i*tt$ 3 *n?fo 

$11 9[|C^ i 

3fe n«rto ju^^s «rc*i sro 3>3i 3T3—sitoT3T3 
(Amorphous) *FrT3 C3**flto (Crystalline) *rar«f i 
srfjRreiTO *RTt<3 mi *133^ 31 *[3P*IBRT ’KR W 5 K^ff 

sittoo *m toiro toj c^h tonqqito <ro ri i ^ 
isipri wto tom 3 * 53^1 ^ 3*1 «ii*ito torc?i3 «q?s*r 
33 i M srFshl (Super Cooled) 

W TO SIR 3*31 C3ffs *fTC3 I 

3TOTO* C3**ITto 3*&3 *PrTtf[3 3E3] ^ 31 *t3sn*Rf»I3 tolOT 
43*lh ton^3lto *TO 3*31 3T3 I (614) <3mTOT 

vfa *ito stotri 3to c*r*n cto C3 C3**mm3 *q 31 

*rtT3!FR 3TSfT3 *m I X-3?*!^ 31 

3H^3 3TOI C3**1TOT Slfcr ?^3 ^5^ ?3*TTOt3 

3TOTR1 3*31 5CTO I C3*cfT!7r3 3P5J3C3 5^33* toTFJ3 4§3i*f 
to3i*[3itoi 3TTO CT*nto 3 *?&t *rt$ 3 fato c^te 3$3 
^5Tto 3JNJ1 ^to5T3*T3 3*$R *Frl$3 ^IT3 $CT3*Tf^ *15^3 I 

10*2. *ft«3 *|fW3 «fij**|fiRlfTOi 

3*f&T *ffiTC«f3 CBte *$T3*ff3 *STto 3JT3JT3 2i*W SC53>1 53 3^3H 
*T5T*rl3 CSTC5T3 to I cmra^ (Lorentz), s (Drude) a$*i 
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aaarg « csw afcr afara 

?aMrffta«i area arasfa ®ft^-af?RT?5:®i ajTan ^rtt^ ®rj aT^a 

§gT?a® to* i toi ®r«j[sn* ot area ara^ to as 

TO* ^ toi*$* aTC* I |c*i*Sfa*[fa KF$ c*fE53 TO W$ 

fasaa *are arca (410 wfai ) i mm to ^a^csa 

af5 (Random) a?^a atca area aTOfa to £c9f*sfc*a afoa 
aca*S >mf*n <?wi ara i ^rir^f sr^fsia sre towfc*[fere fasaa 
*m area aaaT<a asgsa tos aiaaTa tot® are sfs «rrc^ i cwn 
ar? sr«fP5 feroN’jfeiw ‘^aSa-ana’ <roi c p f'Q?n sa i 

5TI*tT<l e rSS *JT^<T TO &ffT*t*9[fa TO? ^53*1 TO l TO 

afa* ca?(fa sutsre *?a*i, ®fi^pra a^? =ri se«t aT^a to 
c*t* ®?^ aare c*rai aTa =n i sraaac* afs? ®f^croa a®rca 
a^ afo 5T®1 ®f^CTOf«5[W «SR5$1 ‘aaTS-afo’ 
(Drift Motion) st$ sa i ^ TO ®f$a aarcsa sa i 

aft L Mi <$at /4 a^w a^asr <a*f& area *rww arcsa 
to V fa^a acs^f ataia *ai sa, afg® ferotora fcaa 
a^5F a?I 3[a 



till TOR a«Tta $C<?l*§a?[faa 1TW 

f= P == £ v 
m mL 

tow *ai tocs ca §c»T*ta?[ftT area aaaT^as^a *ran 
araara atare ara sa 1 aaaa <s^ara ^ara TOTrea *rart®1 *Tc*f 
a?*ft $z*\^ ®fc£«TOa a®rca faf afaarc ca*r sj^t to 1 
aC®J3RT3 ataTrea TO feTO^jfsi »ni stfsre ca*r TOfl srfaca 
cro 1 ^ftf a^a^ ^aia awrea to ^rfsaTftre aataa *w? an 
x s$, v©tto *j*t ca*r cac* *pF to a<are *rrrea ft* ^ 

(jq^Ti^ ^c.a<p^ ^fw® caa ^?r 

e V 
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51TO siwj w «*r ^ 


»*= 


1 £ F 

2 m*L* 


$$ ^ *gtflWre ‘a^-OT’ (Drift Velocity) i 

afrr *n^a to <3T*fto m s$ d w a® yw+w 

(Mean Free Path) ssr X, 'STOT cwi ^ 

x = X/z? 

*ra <?T'Q?n sracs i d << v i &ere#CT?[ a^TS- 

m 


1 c F X 

— -— • — • — 

2 m L v 


( 101 ) 


*n^a to afe vsw snrew ^ 

(Valence Electron) *rcan 33 w 'STSfm a^? aisflrcr 
§sa?r vsf^ across stt^t 33 


I = neAv fi¬ 


ne* A X T 

- • - / 

2 wL v 


sfasaw < 33 , ws *p (Ohm’s Law) cto ^nsrai ®nfa C3 3fa 
c^h a?33T3fa c^ra 33 R ^3C*f I =V/Rs$ \ 

aT^ 


J? _ 2 mLv _ L 
ne*AX ^A 


( 10 * 2 ) 


43TPT p 3tf5 a?33T3t3 (SlK-^aK^F (Specific Resistance) i 


2mv 

P 2 'l 
tie X 

a?33T3t3 ^va?33T?3^l (Conductivity) 3t3 


(10*3) 


1 

p 2wi55 


(10-4) 


TO3 v£j^«m c3 ^afa^ awfaHS ^rcaa* 

^afaaTct 33 i area awTC^?r ^ra-afaa^ra «itc 3 ar? 
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*rasu«i « c**s* ^ 


srf$ ^ i c^tst qT$a v£i<p ara § 5 $ <r§ *5n?R 

ssHhr “ffo (Thermal Energy) *fR ^ 
*it$ 4 *rasn«[*jfrR *rtf*T totc®* tot *fay zms srjrt swr 

^ $C®wfcR SfttfJ 5T<BT?^o ^ i ^ *fffo m*R 

siwi *tf<Rs e i » ^wn;«fa srsk ^ (Kinetic 

Theory) «w stm?R ^m-^ftjRif^i ^<n 3R i 
*wfi5E$ 9I«t?[ \5$ C«lIPF *JFS<J vcT’l-^^^ sir *ira?n to* 

K — ^nkvK ( 10 ‘ 5 ) 

4 *ctr k = 1.38 x 10“ 16 ^ ctotc^to tw«p i srsltaro 

( 10 ' 4 ) »w ( 10 ‘ 5 ) wre *fr©?ii to 

® . _ n{? x nn fi\ 

K 2mv nkvX mkv z ' * 


*sm to <R«?n to c*r *n$ sjtj^ fesRsfo m*R cto 
stfPpiTOtTO OT-^T 5J5 (Velocity Distribution Law) 
scror toi T° c$*[ &pto 9f? ^rthr cro t? ^ 


v — 



(10*7) 


sjsfta*! ( 10 * 6 ) w ( 10 * 7 ) cto *fT< 3 ?n to 


a <?* srw 7T *?“ 
AT mk QkT 8 k*T 


(10-8) 


5fsft^?r«i (10‘8) cw c*t^n to w «t$?t cf w tsm- 

*rhreT?^5i K *rc*m sm 5?R <&m ^t^fs^o 

T 49 I (T = a 5 ^ ) o/K 

3 Pjj[*fT5ft SR*F s?T i ^»teR W IFFM (Wiedemann and 
Frantz) $sr fassRt *raHi ^T<Tl ^ ^«IJ snfaRR 

^c?r i c&m toi ‘^wsir-st^ *$’ 

(Wiedemarm-Frantz Law) i TOl <fl§ *%6% *T5J\51 

* <£Rt §faT33 3fa$ A Treatise on Heat *n^W3 (14*15) ^Kjcep 
pfal i 
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csufts^sTW aarfa© 53 i anwifo® *n$3 

^s$<* catfas wfei aro mm arc* ^ i 

10*3: GSTtWi^- ^*PF3N <5?S3 TO**£fel 

^RR-SFH^ *p afoa^T ^RR aTO TO CT'Q?n ^ CT ^OWBk 

m cw anfa'scrom ^5 awmi i ^p©m ay:a 
*t^?t ^«!-af<mTf^m af<m&r, *jt^<t srrcafa^ ©Ta a*?^ afaaia 
caw a^feram 5$ ca ^1 ^r^rr^T ?m i 

aafoaa (107) ^am*! “'“ Vr^a i 3g©<m asitaa (10’3) 
caw p « Vf to ^a suai ^<n am i fof af^ac^ c'rai am 
ca p °° T ( am) s$ i ^ ^sii &aw ^tc*it?f© wtww© 
'vc$$ a?aa^ i 

snaTa srjrj a^rrcaa ca wr *jti<t aTa-aaamfa^ 
srccafaw v©rca?r (Specific Heat) afafe am «*a* sa i <£& 
aR aT?r 6 TOtfa/am-aaaT^ sa i ^aj ‘^-ca$$ *p' 
(Dulong-Petit Law) mca afaffr© i §aw sTOTfc'© aFjja 
3RT©a §t«WSfa ^ ^amt WR aT$W amCcT a^S 1 ©Ta ?©a 
©rca afH;© TO arca i ar^a toj aaaT^ia aa*acaa *kc*i w 
awm carter >ffaTa toj ^af*^© to aiw i 

to afoft aaaT«(a fof aT^srra afoafc w aiw i 

^a awTa amw &©a aam am i ^tit^i a^ srap^ 

§t«wftT’{feia'Q awwffca ?^f afaam afeat^ aiw i m 
acrora to $k af^o am i afsm wfrr ^jzr (Equiparti- 
tion of Energy) si^amt T° w«i §^©m aww TOa aaaT*(a 
as? %kT a^saf^ w %kT arc^ i mm k 

0T^^5jsfT^ gs^^s I ^RTv51 af^ftj ^CeT^tpR'G aC® \kT 
afvsa^? arw i ^[v5?it^ arf*r ^sit^ wi am ct acai aiRT^ 
a?^ to sp? N 53\ ^iK^ic; , OTi-a^aii 

(Avogadro Number), \©TTO 7'° ^^mat^am a^aT 6 !?^ 

af?RTa ai^?r caT^ af^? 5*m 

U = N (|kT + IkT + IkT) = %RT 



330 


'Q c$*s$ 


R-Nk 33$ *t!PT ir$ (Universal Gas 

Constant), to TO 33$ /? = 8‘31 X10 7 = 2 

fesft (tfT?r) i tot 3^51 

C„ = ||^| = = 9 

<r*5 afafsi^ $nc*rfa$ ®Ta TO 6 $JT*tf5/ST5!-*(55IT®l $5 1 

^ tC5T$sft*[fTO ^ffTO $TOT 5T^5 «nc*ffrp$ ®TC*f5 

CT TO 3<3?n $fc®, 3TOt?sj>$ TO 5RC*T *ITO 33 I 

fc*fC33 ^OTTRl C«TC$ SFskTO 33 C3 sfa'G 3T^3 
*f?53Tf3®l W ®Ta-*f?33TT3®l 3ITCJ1 $5TO TO! *1T®3 *[*?TSfo TOJ 

^r$&r mro $?9Ri $to sotto 35, *n^pr $iTwf$$ tot 

5JHJ1 $5T3 TOT §C*T$fo *fflTO wifi fcc*Wl $51 TO I 

3tfnT®<ffcte TOTO faC5T«lt ®«f!^TO TO! stfSfSW TO8l*n t$TO 
$C3R i£)5\ TOTOFf® (Pauli and Sommerfeld) TO$ 
f^sroto 1 


10-4: «ft^J 'Stl*!? *lfe^ ’ITWJI; *tt^f»i- 

*WfaW«& v ©'8 1 

*rrc 5 ?fft >35° Tfsmrc^P 9 ® ^T^ror $rh c$ totto nsc^ 

3t$ toswfisi ^ttot 5 cro ^ t^jnw o snT$5fQra®i- 

CTTOplH TOJRR (Maxwell Boltzmann Statistics) SON 
$51 35 ®i ctcto sor®?j to 1 $icto sic® ctohSn ®s ?3 
t®f®C® §glf3® c$W®3T$ TOJT3CTO (Fermi-Dirac Statistics) 
TOTWI S1T& "T^F-^JT *fiTOT3 CTO SON $51 1 

<3£ ^ $^TO*t klWffa Sf^?® C3 *T$*T $?«[$! *fT§fa $in5^T 
^ (Pauli’s Exclusion Principle) CTO 5C&I ®T3r3 CTO 
TO^«Cffi-C3TWplH ?p3 faSfWWs *$ SOT®?! 


n(e)de = 


87rF(2m 8 )^ 

~nr 


Veds 

e {e-Sf)lkT + i 


(10’9) 


iATOT n(s)de 3C$ e *W s + de ^ “fft? sftTO TO! toH® 
fe9T$tor SR*H1 1 V 3C6? $C3T$Sfa *1ITOT TOTO I S/ 
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^ cspfsH'Tfe' (Fermi Energy) i m, h «iw k 
?m ®<r, tnn? twv <*m tn^i 

<10'9) srsft^'ire ^ S*I c*Ffa-tore *$ (Fermi- 

Dirac Energy Distribution Law) i (101) to T = 0° (?P©I 



-tfs-^rfa far i 

sgr ^lT?ft 3T$ toTTO C^f^ta sreto 

5COT i far cw srohwR s?r c*r o° c$5j w? 

fe»wto*(fa3r §1$^ srawj *fto 5M e = Ef 5$ ; “rf^ 

<?pfsr-»Tf^^ *RH I C^fsr-*!^ SjCFbS *lfe *T**ffT C*PH 

^C§I^JT 0° C^ffT &P^T?f STWI 3^5IH efTC^ ^1 I ^ C^f^l *TTS 

E f -\rnv f * t vsr^ 0° C^ &P^T?T K\y W5 

^B5®sf stsri wroa srr*? v f ^ i (10‘2) to am 



fa I 

OT-^to c*i*ffar cwr i to Tn<rcto c?r*n 

Sftto <?I*|f&?rfl> 0° C^ffT ig^vsTS SR] I fa CW OT 3T8 <?T 
*/ = Vf $TC*(¥1 §<553 C^ CTO fee’ll 0° <3^ ^STS aT^r 
■wn ^r «nw »ri i 
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§*51 51^ afasiTW f?SF *3^ (Ttpfsi-f^T^ 5K*IJRR CTO 

are cs*H*tera ^ ^iTsiRi afsraSsr ss » (10’2) to T = 1000" 
c*«j ®rj ?i§T3j csa-s*^ ^3>f& c*mfro ^mi a^to 

1 dfc fro CTO auhlTO CS CSats 5ffi §C*f*$Pm c^cs 

§*5i ^ srcf « *ifer cto af<m§?r ss sn i csm^r 

^Cs^&T, STCWS *lf^ (&U-*\^ ^T^T^Tff, &P51 OTI §GF5S 

afe aia ^?i i 4 *itct §cptotci cs sjji^^gisksttopih 
wiratsm fsfscs sua csa-s'fcr carafro §*5i ffe *rmto- 
«iw v-*r* to f<$5 3 bt sm (10‘3 fro g^i) i 



far 103 

5*31* 5m*;*renrsi-«T»i?*WH cvr-s-fa fw i 

§TO3 «iTC»HWn C«IC* CTOH sirs §C*!*fo WOT* C*TO §*51 
ife *toi< 3 afsaf*? fsc*m af§rcf<65 ss Jn \ 

CTO ST^S §*(3 5T*f SCST^T *TOf a^ ^*1% ST^S *RWT®flffa?f 
5f^ af5*rf<? <as* f j 5f'5*rf^? afssf'D^ *C3 ; ^c^i^ijws 
aftwfe am $raf33f§5 cto ^ i c*i®rj sucafo* 5Ta 
afoas tos *ms ^ a*m *rf^ toroi sm&sft sw i 

3^k st^s sncafo* 5ra aresi sm 

C„ = (§k + §£) TV = 3R « 6 ^iT«ifs/siTsi-assiT«t 
aT§fa w w aramcw ia^«TCs c*W®ai* c*mH$m 
srcaimsm fofere 3 t^<t sncafo* 5Ta sjtcji *3 re *ro<tf ^ i 

10*5: §**5f3 Wslt Ht^S 
ait*tt1 

(10*3) aqwfw c*fai cto cs >Rre!T wnrorn (Classical 
Statistics) fefsre §*5m *kct st^s orc-^nw (Specific 



*&* *rt$<t a$f© 
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Resistance) *fa*©C*a *TT*n *S* TO i §*©l* c<TO- 
iprrtt** 4**T© (Linear) *fa*©CTO *jt*ji c*?*-?©*T* 
*tstc*j ai'Q?n m \ 

tot©??^ *c* zps arcs c* <&f *%st* ^k^imcto *t3tc*i 
^^-af<reT?s©i *1 ^r-^ftRT^T?r *jt*ji to* to i * 1**1 

S'5 i ©^> ©l*l>1IC* 0 C*®T ^©TH *1T^5 ^Cfft*£*9[feni *I*i 
m cro c*?*-®* ?*$© sjtc* 1 ^ia to* 

§C*T*§*?[fa *TTO$* ©^ CTO 5C*T I **T©* *STOR 

3r*pfTc<T 0° c**i $*©t?i to® ^-TOsn«pr ^ m m 1 
§C5f*S* 5tITCTO CTO *'Q?n TO* TO 1 TO* 

TO §??**§* 4*§: *t?^gfc?f *T*C© *fTC* *1 (5*4 ^ospf 
g«d*j) i *f©s *r$ **ps fSF ^cto&to to*h svm srj 

*T$* *C*J §C*I*£*?(fa* *ST*I “tfesCTO WIT'S *(* C**ft I 
0° C**T &P©T* §C<?T*t**(fcl ?*$©* *Tfe®* C^fC* »pp TO *fT§?*l ^ 
'SfSjfTO* W? §GF©* ®**(?<* stf*TO **C© **C© C*M-®* *1% TO® 
“tfs 5 ®* *$ TO CTOf I §*©1 f?*f <P*C®T C*fa-®C** TOT*T?5 
sr*f*5© ^C5T*$*?[faT* «lfc-*$G** *tf*3<©* 5* I TOW TO® 
fa*©* “Tfa?®*^ Ic^sf *T*1 *$ siTTO SRI 
©^ iflCTO *C*fl C*T* ^C*t*£*^ ifl* ®* C*t* ^RI sc* TOiffa© 

si© arc* *1 i to §*©i 5^-0 c*fa-®* fa*©* 

"ifasC* $1*^5© *fe-**ft** ?*C*T* CTO a?**^©* 

ri i ctori ^©T<n *t^* *1 ©Ta-a?**TfaTO to s** to *1 i 

C***T c*fa-®C** f**!;*^ §G& “iT'ff®*^^* 'Sf*?^© |c**$**{fa£ 
§*©1 3p£* TO&&©* ^CTOiTOW «***]£ TOfffsj© 

sc© arc* i *n<£©: ot* wn *t$ tops c*ti> toc*t^ ^xto^cto 

^n*IT* $TOT3 ^ ** ^ I 

TOta?ro (10‘4) 4*^ (10 5) cros c*ft?n m c* *t^* 
*t?TOT?S©l 'Sfts ^Ta-afroifs©! <n^* sicm ^CTOt^TO ‘^{^]- 
TO*’ (Concentration) n tf^r ^*©* TO i TOT©* ^1*3* 
®c? n 4* to *t$ sr*?s aroT«|«j?9i* ‘*rc*n toc**’ tot* **i s*« 
C^Sf-?©*!^ ^5 H **f«ft5: TO* ** I ^©*T^ TOfN*!* (10’4) 
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(10*5) sr^awt s?^ ai sia-akaiksi ^k a*a s*?n 
§fas i 4a»a m s^aw to«i sm c*r aka It^stera toii 

aaaT^ TOJW sjpRTa Ssitfa *m*> TOT k&a«l aTO 431 *1TS3 

«i*l ai aaaT^fcta ?rcca fataa tots st® sa ai i 0° &*{ §a»sw 

3TSa a^T^^fsr 3TS f$3 TOTO aTta* TO TO TO I M 

fe*ratoijfara fasaa aro st<h fataa aiaw to ^ i to 
§t«Ta#r9[fc!3 51W f??aa X *p *fM 53f l (TfSFTJ asfhw«1 (10*4) 
4a* (10*5) ^-pnta n wmfs a*a ^em >tc^g g 43 * i£ ata*£ 
&5 sa i a?jss 0° ca^ §a»STa fg*aa K 4S *fM sa ca aT^a 
sfv^s 43* sra-akaTksi *[a sa i §*psi ^ aro arsa 
aaar^far siats afsa to ^ssrss f^=i to 1 cjwwj 
§t*Fas&r*{faa fasaaata Shi ffsre*fsnsr aiaw ^ to 1 sptfrc 
&PSI TO^T spff $OT*ta*[faRr ^ K 3TO «ITW I 

^sarc aaka 6 ! (10*4) sr^aTta aT^a sfsa-afaaiksi a gpr cats 
SITt^ 1 4^ ?TO3 aaVro StTO a*ta fel 3TS I 

(10*3) aakaa sr-prTta c^l^f p £t«T3k^fcl3 ^ 
siak caa v 4a fcacra fa$a to i ajppj«ra*Kara**piw 
s^ ^p!TC?r V f ( aataaa 10*7 g'ki ) 1 c*W®to 
s^ ^toI c^asr $f*a 5 rw §e& *fe fe»priiTO fasataa 

to aT*a st^-akarksTa ^a^j 1 4wa siak caa 

sni^’T'QCJW-WTSR’TSIR S^ Wt? 3T$ *K? C3a TO^Fl TO3* C3*it S3 » 
*Ft®T 43 TO1 f*T*frks ^^ST'G aT^J3 a^S $£?S1 ^ta^l ^t»T¥ H“lt 3[?l 1 

^^ss ^ftr §t*r*fo*[feH ^S5r a^s* ( wk-afe ) e f =% kT s 
c^rai to, st^cst T f a^an^k to 30,000° c^ ^1 stsiftn 
1 tjiv*H afs ^si T tot^ fssft a% fk ^rora T f *&$ 
^aHR? tot<i ktaa aftra&r ri i T s ^airto an ir^ 
to cats area, w sh to (10*3) aaknta v TOifeve am 
bh? to cats aTta 1 3jsarc aakaa ^fnca can^i a<? s^?- 
aa ^ afaafss qem ^sh a«a caia^aT^ p ataafss 
^a i feataa ^tc^itoi w caai to ca ai^a ^a»si T ^k» aro 
X cats art*, to p ^ki arc 1 afsatv caai aw ca 
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^ (X 00 1 /T) ; CSTTC-^IT^ 

p +u$ (p°° T) 1 i£i^^t^ Ic^sfa 

'fiC'§s ^RIvdSJ ^5f*f**[^l C?pfsi-fv5?lT^ ss^5?f -*nzm S[?T I 

•flW ct IcsRsfisr fas^raFRl (Thermionic 

Emission) <&& c*p¥si-?© 3 T<f jr*|]t?R sort to fa 5 l^R-^*TjijH 
(4’8) afoaFR **1 5$ 1 »a 5RfWi (4*3 0) ^db^w 
snEWWl Jp<Tl TOK 1 


10*6 : Ufa 


(10*9) ^ufoaCW 51T5TWI Offa-SCRT *1?^ *JT^ SWI^ ^ 
fewtew TO n 4<T TOJ 5f*»fa Ms ^ai *r§^ 1 

^rsite 6 ! (10*9) c^tc^p sr <?ifa cto srrsr to 

arosi 31 $ 




n=r / n(s)* = 8 ^ 2 ;f ) r ,- £ ,.,_ 

Jo w /* Jo^e-e/)/*r+l 

3fft r = 0° C^cT i£W e < Ef 3$, snsiai 


= 8tt( 2 w 3 )£ fe, i , 16ir( 2w 8 ) 

/* 3 Jo 6 3/i 3 




3 

P s 

e s 


v /j 2 /3w\§ 

^ e ' = fd*j 

fafesr 5R*nT?r stir to *tT«?n qra 


8/= 3*64x10 15 u^ §-c>5i 

*prs ^ are 10*5 ot/sr c^ifsi <w awifa^ swg 
ara 4 = 108 ; simi 

6*09 Vin 28 

n =-Yog— x 10*5 = 5*85 x 10 a 2 ^Cerefrr/sR <?rfa 

TOOT ^aT?f (?pfsr-»tfa , 8OT STH *$ 

8/ = 3*64 X10" 18 X (58*5)^ X10 14 = 5*46 *-c«l (1010) 
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*RTCT«l * <&* g*P 9&T 

^<1 Tsiwrresfta *pt 4 (Work Function) mm 4 >«4 c®Ta$ i 
ST'sJSiST ®r^v5 ^5^21 *I?3F spy 

Um afaTOTO (Potential Barrier) c«[W ot 




t 

4 Volte 

1 


1 

5-46 Volte 



1 

--- 


f55 1(M 


^E*RT TOI! <^3 *[?99? I 

4 l-ssi to csfaH'iftysra sr’SH ^<j i fw ^c*ra 

to5*f m ^ff?T5ST cm (4+ 5'46) wn 9*46 

$-C®l to 3f#5^ 91K7F I '5f^ ^C*RT ’I«hr51 9'46 C«T5$ 
mm « (10'4) to <paT3 sjwjto fonTOT f^f4r 

£pr?*fe i 

ifi*m?T ^siottj cm qfr cw 5iiT^T«c?f^- 

«T*R*piH WJT5FT atm 3TS ^T^oT *tf^T 7tf feswfcft 

af«TOc?3 otw 4 ^-c^i ^r?^s *ife&c4 

5RTO5 *m I spzfa Uv3 ^1^3 a toil CWKi 9'46 C^ :fl OT 
SITff 4 C«T^ 5CT | (7*4) 3pgpsflr &m\ cm C3 Spwta 3]^ 

(Electron Diffraction) atore aT^iWJ <fT^r fw ^aw 
9ltoc1 fa*fo TO 3T5M »£& 5TCT tato ^?TaT?T SIR 4?K C^- 

tore *rcajraR care aia ^arerfsito sitptsi src^i *rcafo 
are?n aT?r i 43 cm a^hroR mm cm anpra c*ks 

suTf5j<3c?M-(^T^3jsiH wirapra afa^ss refa-f^re tojt?r£ 
areia to §to i 

io*7: *&U<fa *i; *rfSatft, uro 

'eresre *Wtfftr <2ftw s 

v£l a4® 5TTTO *0 tofe CT 3F54 a*rTC«fa VXW ’TCreTSrt 
5i*wj4 sp? tosts tow tos arre i af^aw 
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(TT^fsT qm *RPn*pT cqsw^fel qTfll ?^f$l 53 I KF5* 

CTOPBT ( qi 5RJRJ C^TCTiT ) 3IWI »RC9f 

^C^S!R<T M«fT *RraT«^ C^*5t^<T S?to 

♦faqtfc-ui sfte (10*5) to a*rto ?rais i cqre^ ^raEfa^to 



4> 

2 


fsar 10" 5 

ctsuprt 5K*n ^csf^Hrtrr f^f^fw? *rc‘raffC5T gpr-q,fa?r foiRt;n i 

©*rt q»r toi to, W«*fay mv^ s?r i *rcrsn*i 

cqqTFT 5ITC^ CWPT W5*lto SIR spita $X$ 

3T?r I *(T*fT*frfa fr?£ *Rfsn*l tfFSCTST siqjq^f 5 3RR f^o- 

*lto SIR ^^51 5?I l ^T<R «£$ *R %K^ fe^RfS^to §*Rf 

cto? ^ ^nq^»i qq^Tra toi to l (10*5) fss cto* 
STsIssiR cs CTOFRT *IWI ^E^SfaR W©“«faF *1^8*51 gpf 
‘ p tT?r i 

ctorSr qeiTqqn ^ ^R?ft qfg cto 

sito to^T 1 qsr syto Tq»q fra toi sr^h to ^t?c*t 

*f?^ CTORIjTto 53 I SI^CSTCBR >n?“T 

*R5U<$<T tc»T^r CT'aCTSI ®rto qc®r<i brj (10*6) to 

mto Um ^c*ra toi «rw to I ctorStst qeifam ^ 
qsprat caTfewiq >rsft^s^«i wiw c*Rii to cq tfcro 

§E*iqsfaf& qsva^jfst wtor (Discrete) *ife$c<T ^ TO i 


I—22 
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^ cw gfi^ *t1^<t c«n:^ sa ( 711 

«I^ct 5^1 ) i 



far 10'6 

m‘*i ^<t4n; 3 sr:»n c^s?- c«ic^ ^ifafas *kcsi 
f^ns*rf$ C®wfar i 

*f?p*nr w^r Uz^^n ^<n *\m, ^tot at«f& 
*f<T5TT^ ^ “fe&<T ^T^n 3TW I ^ *f<JSfT<^ 

®rj ?nq *tT^®ot 5T^n m c^h ^n><r c*fczt sra "rf^srasr 5 k*jjt<t 
fasj*i ^c<r l ^msi »rfes!i9(f5Rr *r?^<3 ^icwi fosr 1 
^cra $zmfc^ *£&$> sirs **[<rt^ sis f3f«“ifc 

^n:*wi fas ??r 1 4«rc *i<rt3?t 7K*m ^ gR*rs ^<ii m, 
vism "ftyssi^faa ^jt< 3 ffa *fra 1 ^ps ^U *f<raT<3<r 

5TWJ1 n 5$, vsT^ffl t£)<pft *f<RT^T SRI 3T3 CT C¥R 71 

W«^ SC3 ^«T?5f\5 ^JT?T I faoT?Sp5 ^ SR 

«nw c*r c^r^ *r?3^ ^c®r wren m «n i 

c*r*jfaw *iter *ri& (Band) ^ «w s?r i 

*r^feK^ ‘sjsjpnfrns *#’ (Permitted Bands) srr*[Jl c c f'Q?n 

^ i 

*f?ra ^ *fi&?r swra^f swict ‘fa?w sraep 

(Forbidden Zone) i c<F*rc?R sfC*fl ^ssir ^csr'^Tsbt *tsrj 
*fe Tqfw «TCS sn I 4W3 “ifa <3R?I ^(ST?^o 

wfe *ifer ?rr sre w i 
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*fii? f^sr^r to?r (Band 

Energy) §TO <W C^TCTO sjc<I TOlT^to TO**ito 

I c^r Kps* *rasn*pi (*rsn witoOT ) srr*nRfi*i t^sfa^fer 

to»* »rfOT?ppj5? toT 5 ^ i qm ottcto sfc^i $reto 

»nr5iT«pj *rc®j5?fl*i ^ w^sr $?r stfsR*it 

*RSn^f fatol TO =H 1 TO 

iflPR “itoRR *fto fat*R *1?<R^ ^ ^1 I (R5RJ to*lfe *rf£*[to 
*tfe torn (Energy Spread) to*F!3*o 3R ^ I 
atotft *Rsrrp ^h*$ m*if q^R ^WT^t (Valence) 
tcsrefcrcjto srwi TO^to Wzren 2 m to<t, fac*Rss 

*PTC TOIT<3 *[ft f! TO? 5 ^ I ^RSfT^to STOT »£& 

^9&^<T *feSR SfTR* I ^s?fK *rf^feR 

"I’R? toR SfCWf o <R*ft 3R 1 

§im ^ri 5C?ik cq *t%to *rfe toR ctopr 
«RRTe(9[f5Rr to*to^ ^<tfr §to< 3 tos to i sfo N 
*rsit«P? s=5r*ts TORTfs to toi s?r, ^ttoi sstpr 

fa?SRl ffS[«I8 TO I \5TPR (R CTO $RI fato CTO 

«itoj?r A 7 *kto to tof®r$ 5j3 to i *R5jT^fcr *ro TORtfs 
3fTOT ?<Tv5TS?;r ^ TO <£R° ^?§<T *fa? faTO^ ^ TO I 

sreto isisr toto ^ to tos cq *r*rt ^ 
fato ton*r to sran^fto 

TO TOT I i£$ TO*?R *IWJ R3RJ *tT^SRT 

5K«m TO*? ^ TO I 

c^snpnr fe«Rfcr*[?3r fasnaq ^i^pnftro *rfS<r star to «w 
TOS TO *tf§?«T 3 t*r$r ^ (Exclusion Principle) sfJjprmt 

sm:^ I tos 5 ! ^ TO1 

^ ^NS?^ |C5f^S^5f SIWI 

*i3?ii*reTCT iqto Tff^f c«ii:^ tos "itocr «itc^ i 

W«it «is[pnto 

uc«n i 

TOl ^?f ‘’RCTtaft (Valence Bands) i 
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*RTCT®[ <3 

*ia OTIPRT SfCSfl *f?S ^CSR^JT aTai STRfaareiCT *$ 

qTCa*, vcTCWa 3TTSITRT sjTa ataffl ^aC»I2t 

fesroN st<I* 5 &Fsa ?a^ (Empty) *fesc<T ^jpfsr® l 
wr c^sn^ra src«n otct ^ptopt ?a&a«i a^are 



fe 107 

♦ifsrensl' *t t n:«i £ 3 *r?$*ff5?i fcwnrc i 

wf Sa (10'7 f&a 5^1 ) i **1$zs <£& SrT^a c^CTa ^9?- 
*ifaarf?®i *pr &s %<i i *ct^ *£$ caHta ca^^a sr¥f?? i 

ca*fta ®t*t faTaarcft, spfra oti 



Forbidden Zone 



Filled Bond 


*i*nctfa »ifa*iffa fcajpi i 


®wffa* (Insulator) *f?Ts! ?a 1 tfitfra C^tff ^65^7 JFffSICT 
Swwte aiai *jjf ^tc<f i *fc«t && afi>a stc*ji srafaps ca*R 




aft® 
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fero cto «rt sra ^T'©anr cfraa asrc;n i 

asrc^t a*^ tii^ ‘atsrcRt at$fi>’ (Conduction Band) »j^€t 
&E&®S[ $CTOfo*lfi af§ CTO SfFRlh ^aC 3 ®Rt^® «TO I 
to ot aa® t^ta ^roa *ro (10*8 tra a^i) i ca®Ri 
<a^ ernsta awfa §a?T ®t®«?m atma ^acae ate 

«Rf»5® feTOSfa*[ta TO^> aTasU 6 ! *lt$r mift TO fate ' 9 TT^ 

TO aaa«t ^®3 si^piifa® *t^ at$3 src«n arcrtsi® to arcs *n i 
tot toto |c*te^?a ®T®rc^ acm*r f ai as?® *>m 
m^ic®^ cto m w vsc?a src«n cTOaia ®te aare ^as 55 
R 1 1 sptfR *£)<n ®t©c®^ f ate^t ^ I SrFsfa a*T<c<F 
faca® iroa src«u ^<P 5 H cto siap^re? ®Ta atete ^?r r i 
to*i ^®si afe aff?t® ^fat* 5 ® ttaf&ajta fc®Ta atarcaa tot 
* f®$l ®Ta «Tt?P TO ®T3 ^T?n fate 3FBa aT3 TO aaa®1 
s^cto® a?Sc® asffsro fac® astf $$ ^1 1 ca^sRj t^aa a®N 
®TCaa® f atest sa 1 

Tatars 5 %k aTO a^ w\&\ to 4^?&a ate arc^a 
a*Tl ‘spfatatet’ (Semi Conductor) 1 BrfaTfaaTST, tatea, 
teara-srfate, tf®T?r TO^rst® a^f® $k csata *te® 1 
erista a^tea to ^ra?w a^tea a® 0° ca^ ^®Ta at$?$ 
a^STW TO1 *$ 9[TW 1 a^tea arc*! 4Fra 

atel ifl! ca aaa®^ fata^ TO^iS iflPRT CTO STCWIf ® ?ft#l®a 
sa (10'9 ?&a 5 ^ 1 ) 1 ca®R] 4^aa atere §m ^TOft 
§^®sr arcarat *ttfc® ^te® t^l tot^ atom 

®T*f “T?^ 1 ^«T ^?®CF5I 5fS{^ ^?f w ®T?T 

?pc«t ^ 5 ®^ ^^snfff® at^c® i 

ac®tf aRJT^t a^T€^ to w 

CTO ^TR tTO»l ^5C® 7f5i«f 5?f I ^P®1 ^ 

5K*rj<F at^RT^t a^c® awtsi® 3$ 1 ^®i 

^ara arc*! «a^ BfT®^ aarc^^ ® ! r®^ at?i^T^®i ^t® ara 1 ^ 1 ®^ 
a*fTC*^ cto f^«p f<a?ft® «rc$ 1 ^caT^aT® ^to® «r4aftRT^t 
asfic«f?r a?5^T?c®i ^ ar?r 1 
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* c***tf353 

to«TC3TCJ C3 3*R fa3^3 si^wreft *i?$ (Valance 
Band) ctw §^3 *f?33T5‘! *ffte (Conduction Band) <fwf& 
fesrc&r m&Uv 53 ’KPneft *tf$3 siwi ^ 


Vacant Band 
Narrow Forbidden Zone 

Filled Band 


Forbidden Zone 


Filled Band 




fra 109 

^Vr?HT^r ■‘WSSj'^ f?RJTC i 

53 ! ^C*RSlCT3 5T«T3 Srf^fi $$ h&T] ^JRTsft *f?$ 331^ 5F3 ®IR 
i£l¥fl^ ^CffI3nt«T £f?[^ ?3'»3 2fE ; »C 5 r3 Sf«TC3 3^3 C^P^’O 

33sf 53 I 3*H ^3F*f *TCCTTsft *if$3 3E3J ^R 43f$ f?RF 

*lfes3 ^ 53 I i£)| ?3«^1 5RJ S[R 43?$ |teR$3 »SOT 
3*3Sa *ITC3 i 4^»TC3 3R3R 33^®$ f3^T^?*T (Vacancies) 
mt *t?$ 331^ ^3 ^3 ^RSl3 4E3 *$ 3RF5 <3TC3* 43^ C^tsi 
2FSp*TS ^3^33 ?[?o3 ?3*R'to fsflTF 505 3TC3S I C333 

*R?f3 SfPRWjfa 3?^r £jT?3^ ^ITCSRT 3TSR §^3 
«nw, 43*?$ 9 TT^‘t 5f"f 43^ ^SPR 5Rt C3 f3^ *$TC33 *$$ 

53, ?*f5C33 *lT$t 4C3 C^ ^13?$ SJ?3333 3C3 I ?3^3 *TT®?3 
*5TE3 C3 ?3^<cT3 35W 53, «T3 ?*f5£33 4?*IE3 4C3 Sol *$ 

?FC3 1 SFtfrf vfsk 3>TR 43*?$ ?3<F *5TC33 *$£ 53 I *p C3C3* 

OTC5T C3T3 5C3 C33 ?3*f$l ?3^ ^3 5TT^f=R 3?^3 ?3*f3‘fo to 
2F3*TS ^TSPR 5C3 5E3C5 I 

fe?W$3»i;3r5T3 TOT §S*W ¥3^51 §OT3sft33 srT3TC33 Wf?33T e t 
33T33* ^fT3T33T5l 53 I 4^3>*f «RIW ^T3H3T5^ ?3*F'fiTC ! F ‘^533* 
(Hole) 3*n 53 I "i'tivt 3TO3T®ft *f?$ ^ ,? f?33T5 # ? *l?te tPWfcr 



3^3 affo 
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sicw 3^ swwRy qsjrsRs 5^33 53 i 

a^ ^fe^TO3 ®?33 ^335 sfWimt *ito43 *m *p( C3 
^T3S&33 *3^3 3FE*ft safe^ S3T5 53 ^1 5SRT, (5*iPt 3fe 

*HTW *1^13^3 9[fts3 SRI'S ?3f$l a3TC53 ^ 

S[3*rJ ^C*I3$3 STC33* 5Tp *tf 3P5 f3&3*l 3^3 I C3SRI *1333- 

f353CT3 (Hole Migration) 3T3I 33TC53 3T3 

tester 9ffvo?r ®ri \afes 33 T 5 ^cw 3r 53 1 wsr? 
^33^3 43* 33TW W3 4^3 §«3£3^ 3®n 53 3T53* (Carrier) i 

io-8: ^*f*#3tft *nrfc*fa <2fc3N; 

§*TC3 ^TTOTTfEP® ^3‘3?33T5l‘ “Wtf^felPF 31 3^3 

^ s H?33T5l (Intrinsic Semi Conductors) 3<3l 53 I 
ofasjTFl 31*1531 (Impurity) fafsfvo 3C3 4^3I*f *RT$3 3[sH?33T?53l 
3t*13 3?3t*f3 *I?33^a3 3T33 3*3T3 333 I 4§3i*l *1^3* k*153J 
^ 9 rf33T5t (Impurity Semi Conductor) 3=3! 531 4W3 
3C3J §?T^T?33T3 (Z = 32) 43* faf<33R (Z = 14) C3fa ^ ?3:*f3^3 
fe^3T^TI I 4?[T«T 5CB5 ^3% *rf*lf?T3T5t ' afSPllFl ^1*1531 

3t3 4FT3 ^3531 $tf*ff33T5ka 3I*fT3i3^ 3^31 *iS3 I 4§! 
^3^T3 ^3 ?33 §3^T3'8 4^*13 ^3‘3?33T < r5^1 53 I 

£jptf®r*I$T3 ?3fe3 3T157 4?(?«T 313^^ 53 I 3^13 Wm C3fell, 
C0fetf«*f3 4<^ 3R]R] 3T3T3i*f ^<PSft33* 3OT 33*13^3 ElJT3fepj$T3 
3I35T3 331 53 1 ^^3 *l?33ffa §JFtff^3 3I35T3 

3R1T3 ^f331 4§ C3 4?[fer ^T?T5R SIPPFTf >5 f 5 53 43* 4FF3 

3J35TC33 SRI *[3 3*3 £3^3* *T%3 3C3T5R 53 I 

s?t^t? 33T3 'Q fafef3R 5C^ 5^T®ft (Tetravalent) C3to; 
*P*TC 4W3 *133^ 5T3?§ 3E3 3*E3T5?t ^3*§3 TO I TOT 
S?tf T?33T3 C3«TTi7T3 3WJ *JFSJ3*fi> *133T^ 5T3fi? afi5C3*it ^33T^{3 
W^TC3 3*35T 3TC3J I (^531713 3WI ‘3?33n: 6 1 ^IT?^srfJT 

, (Z = 51) Bfre'hr ^‘bwt^ (Pentavalent) ^«i3i ^mteraw 
(Z = 31) ^Tak toieft (Trivalent) wk ^531 (Impurity) 
T53TC3 fsrfsRJ 3^31 53 l 2f33 CTC3 ^T4Tf33T3 ’ ( 31 ) 

C35^m7l3 3C3I c^H c^H ®rT5p?3 ?3^C^ (Lattice Points) 
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'G CTO<F 

5frfTfa?lTTO *faTO§ *R*n*l SRf^® «ITW I ^ 

aft 5R W$ to c«rre to i «s& 

$PWta9jfa[ *p Ws3 *tfSRT5t *rffcvo ^TsJFto ^ mK iflOT 



f5S 10-10 

«t»ibri ^w'^ftwrsfa sn:«n (a) *rrai <3 (h) sns* *rapn«r;?r *i?$5<t i 

?toto ^ srtc^ ^ *m:<r i srtfrc iacto mi^t 

wm* (Negative) ^PRPSfasjfsi^ TOOT (Carriers) TO TO I 
rntte 3i*HfaTOte ‘/<-csr*tt<T s^^to^’ toi i <mTOt 
^R5iT^^[feT 4PTO %5W&T- t rT$l’ (Donor) f^CT TO TO 1 
^T *PfTCsfa ^toI ffT^i *fTO<3?f ^ 

U Tro sroCTO TOI *f*» S3 l (1010a) to SFrto 4$ ®3 D 
W^F STTOBT WOT frtfP C *tf<JTO*t ffo tol ^ 5 S » 
tot<i«i &pto ^ ®c<r toert ^*n*pr si*^ stfsiw sraroft 

$PI*M> TOC®^ ^T*ft?f »lfel SRTO *rffe Who TO TO • 

^mtoTsi swerj fato ctoito toj c $h cto 
tor^t ^fnfTOTsr «rrc^ i c^ro^i 

^T^tT*T^TST 5fE*Wl ^PST <Sr*tJ <fl?t TO ®fT¥^ 

*f&T (Lattice Structure) sfTC^ i 'TO*! *m fostfS 

SffTO^ TOSJT^ TOC5F TO*[*F «ITTO *fTt<T I CTO SflftfaTO 

^f5fSIT^l CTO* $PT*&iT vOT &$ ®?T^f?r *T&T *!">$ TO:vo »TO « 
TO! TOCTO*t *rf$3 src*!I TO TOIOT (Hole) 

^ TO i ctorj &$ errata stfnfTOT^a srwi && *nm (Positive) 
toot to to ^cro V-«Hhr MnfaTOt' a*n sa i 

9ITO^ TOCTTSrt *tf$a TOI Tto*i ^TTC^ 1 
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*f33T^?*r 4^301 ^3&T £5*1 TO, 4W3 ^ ^3 ‘si5*-*R13iy 
(Acceptor Atoms) 1 ^3T3l 4CTO sjt5^ *1351133 $rt 

(43fi> stfssfa*? »fes3 fafaw sm^RT src^j ^ 1 (1010Z?) 

ta 2 PtWv 5 ^ S?3 A SKCTTsft *tf& V 43 ^ ^ 53 I 

TIMS 6 ! &P^T3 5KC3Tsft *ffi> 33T5 C3H n^siT^ C^ 43?$ ^3§3 

^t*j “ifer 4§; s^ feftvo to 431$ 515^3 

3C3 \ 

n 43* p-oafa ®pfaf 33 T 5 t 3 *tfrc*rei 33 <?r 3 J 35 if 33 son 
5C5f (Rectifier) a^ra3 c%l$ 1 3fa 43fi> n-capfa 

3f*H?33T5t 43* 43fi> /KSI-ifc ^n?33T5't *13*33 ?ixm ^3^3 
^Tf*re sitef 43* v5TFr3 3:31 ?3«3 are? aram 331 £3, ^T5C*I 
C33«r faW f?c3 a^s? to a3T5 fcsaa 

53 1 faastasptf to C3R ^3 a3T5 53 R 1 

(lO’ll) %C33 7IT5TC3J 43 3T33 C3T31 3T3 1 3?? ll-GB^ti 



n p 



(a) 


fw 10-11 


(*0 


sr^ftrers’t *rcrc«fa 433v*fl33«r f<j?n 1 


: 5f^’t?33T!^ 43fi> C3TC33 33T3I3 ^?\SS3TC33 3*C3 3TT3 p CS'ftW 
5pJ*rf33T5tf& 3*11313 ^fe^3TC33 Wn *\K^8 331 53, ^TTO 3*3313 
43* *RT3T3^«3 a3T3 3T53§: (Carriers) wrcssi (Interface) 
C3£3 ?3*13 s tefa{;3 ST^PT© 5t3 3T3 I ^FOT *T*«TO SC33 331 ta C3H 
^3 a3T?5© 53 5T1 (1011 a ?55 5^31 ) I 3TO*R7¥ 3fa n-CSRk 
^*l?33T5tC3 3131313 ^f\5<*TO3 43* /K£f*ft3 5tf*f?33T5‘fc3 

33T3I3 \5f^5TC33 3 n^ 331 53, ^T5C*T ^ S3T3 3T53^ 

®C33 331 f*rC5T a3T?5^ 53, 43* 33TC53 Jjfa> 53 

(10*11& fcff 5^31 ) I 
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*f55T^ « C*W *t?555 

5fr T^hT§ SftofcRRft 5J35T5 ^51 55, 551 $> f 5 
«-ca*ihr C55E55 src^ii ^ 5T*n 5T5, 

( 51 5® f 5 />-CH*fa C^<5TC55 SIC5I 5?T <4^1$ *{5 ^Fs^l «-«Ht5 
C^ffTT>T 5T51 5T5 ), ^T^C®! 55551^ §rt5Tv5 STBJC®* 5^ *t?55*fc 

(Amplifier), (Oscillator) 5*TE®F 5J55T5 

*$51 5T5 1 

10*9: 5^-ferl 

5fc C^H ^?W5 *T?\£5 3f?*siE5 4^1$ C5^¥ C^5 

20T5 ^51 55, nsIOT §*(5 faf 5*5 a^F 55 1 

55i ^?«[$Tfij5 ?|f® i£ft* C5^ C^RT, ^«C55 ^fe=TC5 tal TO I 

5fif (? 45S 1/ 55T£FC5 ^T5H ^ C5*T 55, ^T5t®T H 

CTO5 W5T ^*15 fa5T*ita 3®T l? «W H C^#5 ^5 

C^#5 *>[55^5 fe*I5 ^ TO S 

F= C (pXH) (10-11) 

c 

*feT5l *pnpfa TOJ 555 \sf®5 S5T5 §S*PT 55, ^55 ^TW5 5WJ 
v5U?5^ 5?TO?[i=T a*[*F «fe*CTO5 a«TC5 <4^ STS CTO <55T QTC^5 



f55 1012 

5*r-fe?n ?5!R5*f i 

fTO SRTf^s 55 I **Ffcz°o 5fa 35TC53 5W*T 515®TC5 *f?5515l5 
<XI^ CSfaF C^ff SON TO 55, ^T5t®T *foml5 TOJ 3555T5 
^T?5^ 5? c m^f®15 §*RT §TORF STO 5®T tal TO I *FE®T 
^fWTSjfa OTT3 55TO51 9155TO CTO fagJtf 5E5 5T5 I (1012) 
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fas afa^t awntfs si^j a^TC^ §a?r &acw a^R c&iw 
mss ta m'pfc \ ?&s a^lss^ sr & ctfw 
ctos fams ^ asssiH U§]v 5j$ atssT^k 

A si B arcs ®fsn ss i src*r A B ^s shot 4s*fi> 
am^s ^ sr l k*{ (Hall) rsr TsssrI ^k>q npto a^assi 
astfTS STS1 fa^5S atOTS ?sr®fM5T aR I (?fesj v£i| srcsfaw 
5®J-tai (Hall Effect) s^i ss ; ^asr aff»c* ^-?<m 
(Hall Potential) ssn ^ i 

3 ®j-fs^css sin *{s sr ss i at?rc*f<i ms 5*r- 

?<m amts ^ssia s?r si i ctri, ^ai, RngfafjRR a^fo 
^afssT^t st^s ms s^r-fm arepR <?m sstfs CTSl ^T?T 

CS *R SFgS STCSJ WSffi lm£s aSTCSS 5RffT SST^ §SaST 

sr i ^asaw croi, snrefsRR, csfsfcraisi a^fo *ufs v£i^ fafer 
stfafssT^ts ms ^r-?m arn^s Rfoga ^ sres srcs ss cs 
iafr srcsj 'sf^ asre; fcsasr ss csr sstsr RTfas ^ters asrc^s 

TOT I SFp C^TSRSr ^T<Pnl ^ (RFF *5^ RWfoS SR*I STNT1 
^S1 SR I RRSH C'rCSfe CS CS^rcSS SCSI §DS#S 

si sstsi^ asss as-TS rt«ir st^ (Carrier) sTsre arcs i 
CS SS a^S SCSI SSTST^ ^RSCSS a^SJl SSS (Concentration) 
RFWTf ns CS*ft 2R ^sTWS ms am ^afaST^ aSTflfa 

ms §ca^ ^-fs*»s amis ^sasl^s! sr i 

*rHr stsi c^rsi sr cs 5 *j-fs«s am bV fs^s 
S^CS aSTS (Current Density) i, a^P C5^ m 
i/wA«B aTSfras ^w«fR rr ^aR i Rsfrs 

bV °° iHz 

^sSK 8F= Rills (10*12) 

R 33 ^ 1 4C<f ^ 5 ?[ ^-^cfT^’ (Hall Coefficient) 

(1012) ^sJt^s'i cuzft am ®tUv ^s^mss sir aT'S?!! 

*IR 
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'Q CTOf 

srcrs; 3 W 3 $rj *frat sr e sitoh *tfo, 

^T^Cffl afofij feswfcra §*R 5SJ-CTO Bftqr® 5fR 3/ST 

F n = cE n = cRHi (1013) 

nsfam (1011) *tc*r sir m<3?n nm 

F h = --vH (1014) 

^ Sf^sjR SR? n \ST5Xfff 2RT3; SR? 

i = ncv $$ i ^c<?k (1013) « (1014) ^ cm *®iT'Q5n 

*TT?T 

c vH — cRHi — cRH. nev 

r 

i/ 

^(£R R = 1 (1015) 

sir R^n SR£?<T (Carrier Concen¬ 
tration) s>*f<r fav»<r to I ^tsr^sfa ft s?r, 

«W1 Li, Na, K, Bi *tt$? asm i *rf<r 

*RT?FF *T5R 3R, R *RRR 5?r, *rai Be, Zn, Cd 
r$<t cro i *rf<T5jn:R<T toi c 1 ^ *tt?t c*r Bi (Z = 83) m cro 
srgrsTfa^ §e& ^ i srihi r*<t cro 

5JR (£11 *T5R*r s;t?q^ 33 I 

^■^STTCR 3<?T tel *f<ftTO 7TT3TC3T ^TOfa, 

fal“RT8 3pf*fa?T3t 3TTOR WI1 SR? W 3T3CT3 

3 ?F*[ ( SJSfR ^R1 ^crf^ SpiRl *R?R ) ^sTTfa iTRTST’f \5«n 

S?R1 RTR I 





1. io- H ^tc’lts iftraw? t§*icq srestcq 

«itnfH scs c-ttfts 551 qfa ^jrc®ifs qftrara csn ^ 5 x io» cnfticfm*, 

WW m ftft *qi (2 84x 10- 7 St^/oifsT) 

2. v cql Jp*tg / tff'tfiZ §f5 qfsq c?fc5"^ X ^sMcsfCSRI 

toj wfrc «rcq*i tu t ^ff? qfs^i frrfnr qqrasfa sw 

*wt*i tk cq sMeto fs y L =^[l )* i «fi> «rtra sM- 

CVCJRf qf¥Ws i 

3. (2) cic* Ms MfMq « ^tf? 

^fs C*t1 0 SCT ^ cq tan 9 = 2yjl\ 

«foM T9 a sfitorani- f=r*N^ «rfa c$& L tpratrora* srfsftrs 5 
Xc IL 

fa^fs w y* = ',n 0 v* 1 fltfc H^!t% CAZ^ 4Wq *- M* T9 I 

4. ^tltStCBfPTJ *faqttf«RF ®3 qfr <4T <£PFf ^ Sf^l 4*fi> StotCSH 
*t?R l*S ®q q*S affq *cq ? 3TC4 m ^tJtratFfESl WM N = 6'025 x 10* J | 

5. dw ^fn <p rfN j ni fq% io _i ° esu *if<fqsfqqfM^s 

^qftefai •tt'SSl qts t 24 1, 33-6, 43 47, 10 08, 53 13, 29 16, 38 4, 9"48, 19’2 ^ 
14-31 ; qtftqfal esc* to th i 

6. r — 0 1, 10- s <9 10- s fsjfsi qjtqRsfq *wfi**T CW qfSfPI C§faOTsT ^T2^$1- 

Sffas qtqft ’SW *!Wq1 *Wtt<R to rn\ 99 CA (217) *toqH b =6 17 X io-° 
^ /> = 76 cqfq Hg | 

7. 4# ^tf^5 foqfq^fqql AMm 0-2 fafa/cwa JHESPt ^tEH 

to <i$es qtw i (2 ii)«(2-i2) ^ qtfqtq « sq f^<?i q*q i 

StMt^U P^0 8 anq/qq <?rfq ; <r=l-13xl0- s Stfq/qq cqfq-, 7? = 1-81 x 10- 4 
cgs«£i^; c = 9‘6 x 10” 10 esu l ( 4 51 x 10~ 4 (Tift i 3’08x 10 -7 fijt 5 !) 

^fr ^ 4^ii? x .stniN **i ^i, sto x ^ ^ 

«itPi f^(5 ^ mzA ? 

8. fttofwr *r«tors ^f?i^sto 

^tfs ^Ts x-^ftj ^ c*wn ^rto ^i Sf&s si ^t« I 

9 . «itfto ^wfSfcronr fs# ^tonfeti’Ri w,*m « 

^P5 W3FW 16 (99 76%), 17 (0 04%) 18 (0‘20%) I qf? 

sq ^rsRr qui qtir, rats 

’fqqtnfq^ stq »qqi stcirq « rats ii^c^ ^*tts Ms ^ i 

§ A-3 « a- 5 *rfqptd qjqqts T9 i 
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10 . C 13 H‘, w l . He 4 « O 10 <£|g ngpitlM sgg Ms gg I O 10 c^tg 

M(C* a )= 12 003842 amu | 

* * * 

11 . 9 f?T s t 10 £fSf 3 [ CSfg g’g'Wg gjfaK 'S i£}| grcpitg ^C^Tg^TO cg^f 
Mu gg I ( 5-20 x 10-” CTft , 21 x 10 s CJtf5f;c3f) 

12. 3t|c5tc®R sm, f^fis« ^g gg^g ItBjgjjiRg *ftw §-c«i ^gtg 

Ms gg i 4t?g toj ^K^Rtls ?tfi fgfeg gff^tcggtg vaggMj Ms gg i 

13. spffa ®g J r np ra' •nnitUr ego fstsstf ifgcgg sift Ms gg i 

14. vs ^gg gtsM f^fsRitcsrg MsH .iFgrgg ?s 
109577 58 <8 109722 27 ctfsp 1 1 gfaflfSratg « stote$R cgsjcgg ®egg «R(*rt^ 
3 9726 *s, csrM e ^tggtwg «egg gs ^s ? (.1836) 

15. ?t|c5|x5rciR( i, 2, 3 «<R^fi g^g fagfiJ gtlPfTaM 9 ! ^tcs i sft fg^s « 
Rt^Kfctc'tg cg^cg^ g*tt3FCT >EWj^g M*i « Mwa ggl *s, vst^ 

'Stggfcs gtnw 4(?rs II a eg*tr®fgg 'SggMi gigstg Ms gg i 

16. ?r^c5tcs?cgg sm csfg gg*itg gtsl^^ tcggt^ « ^g cg^tgg c^rtkgg 
’resi ^fgf g^ Mg gg i 4f gg ^g° ^urs g:g;gfg ggg ^itg^% gtgg 

Ms gg i 

17. grlrarrapig sWs c3%s gfr^tcggrg ^ggMj ^ 6562'8 rjh i 
sf? ^stSfgstcsrg ^g't cggtg ggsrMi ^g cgcg 179 wft gg p, ^slgo 5 # 
g^prfctfHg *tggt\cg^cgg «cgs ^bri gg 1 

18. ggtgcg^csg srfgs «rnrff ges grte^foegg ego 

«=2 “ff^^cgg fgf%g/,■ 7f»gg ^iMsg ^j&g •tMsjggR <sn° cgtg “tfeg 

Ms gg 1 

19. oqgjS csfa*eg ^gfrs gttcstcsR 'tgstss l*fg (a) 11 -8 $-c®i, (b) 5-5 §-csi 
^■tfe g°gg |wg|g wfsg ^cs fgfzrsi ggtg 'teg tc^tgfBg ^ 5 ^ ws ifMife 
^gfti *Jfcg ? (16, 5 5 t-co 1) 

20 . c^Mcg ^gr?® ^ftcsfcsR *fggt*t? ^ng g^ctg *?& gt*itg 

C2i%^ sfgsf gfr^lcggi ?g 1 lesrgjg^g atflftg *lf# gre ?egi 

■stegt^g ? ^egeg «jrg cgf^ g<f%g«fl ®<gg ^ *ing ? (12-09 |-c®i) 

* * * 

21. ^gfS 1-99 |-c®i Mttfgts gf^ ^**13 fgMt^ cgtc&l-gjte^ c^eg |(^g|g 

togrts 8?9 ^ffggg^^t^^'^'srfeBrregg «fcgtsR? gfg gjg^ ^te^tegg 
•sggrbrt 4102 ?g, fe-s cgrc&l-^ggtcgg m g\5 ^g ? 

22. ^t%o?rcwc=ni 9fMjR sWg «*w, f¥#Tg « g g<t^uggi 

fegnt?g cgt^reM g? i 
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23. 2'1 §-C®1 4*f^ C*td>1-WMtBS* i§*t4 4414^ 

3650, 4340 'S 4860 ^t° 34^t?E^J4 ^Ttsrfa^T^ ^41 ^4 i fiff^*^ f4C4t4-f434 
fsr<?r 4*4 I ( 1 3, 0 76, 0 45 |-c«1) 

24. (4‘8) «R{C^CT 4ff3 *tfN*t4 4fa 4f34 C5ft®4 4It4 1-6 C4t4 44° 7 = 500 

C3TT> 54, 3f5C*l ^1434 W® CdH^ C43 anait’r 4*41/4 4f4T5 43i ^ 4tt4 ? 

25. 4f? W < IVf 44°n T = 0° C4* 5 ! $j, (4-6) JRt4*4Ft4 » ^W 6 ! 

u* /3w\^/® w , 

*54 C4 Wf m 7,nWr) ’ n ^ 444 I 

C4tfe4t4 «ff^(^=23, p=0-971 afw^orfir) cro 3rej4*i5 *[44134 44*fc 
4*nr *tf44tft |c44*t4 ^rtcf 4C4 fror §*tt44 ¥?rf¥4 c*tt4* \v f fstf* 4 * 4 1 (3-i |-c«l) 

26. 44*fc 4t34 *5^4 §4*51 1800’ C4*^ C4U4* 1200° C4*4 *i43 4*4T4t4 WFl 3T*tT44 

Oc*nM 3415 iooo 4*r m i 44-^*t4jt4 ^Rf^m ^rt^tc^j 4t^fc4 3t*tr?rc 

fsrt0f% 4*t4 fsrfs ^4 I 

27. 44*fc ^[4*-3[fe3 f4°.4t44* 34 ^ 9 )^ 3845, 4210, 4640, 5180 44° 5615 

wf? 34 *^ 3p*ra **ifc4f4* 4iri 4 * 4 14 4*c*i farfafas tat 4- 

f5pB^®fei ( Vo) *!t€5l 4t4 •, 1'315, l'01,0 775, 0 49 44° 0 30 C3p ; 5 I V n 44* 
^[Wft4*4 Wxt*4 Caftfa* C4t4* f4R[44* 4f^4 3wbr4J 44° SJlv? 4*44* 
ft<4 4*4 I 

* * * 

28. 4^4 C4*T4ftfcr4 ft-l, 2, 3^ <$^4* C4*3 44° 4*4*t4 C4*Hl4* 

®4C4^4 «TSfo TOt4I C4*[ f [®f*r4 4t4 f^«f4 4*4 I 

29. C4t4 4lNC4^C44 4t4 f4<4 4*4 I 

30. CEfa4* C3R 11= 5000 *f[<SJf 3U4 5Jt^4 4*° ! 'tt°r4*4 RfR ft<4 4*4 I 

44 C4t4* ’4f«tf44* f4»t®R 3ff43 34*btfj 4I44t4 ft<4 4*4 l 

44*fi? 4<f%44f4 34^M[ 5893 «uft ^ §*[C44 343?frf4J 4J44f4 44 *f34*4l 4*5 
3ffi54? 

31. ^f44* C4*[4t41>t4 34 Wtft fift 1 ® Pi C«^4 44° «f5J? C^C^4 

C4 s t s J®ffI4 4t4 /— 1, 2 44° 3 ^ W3 ?4 ? f4f®5 I 44 W9 C5H^ 

P t c®k44 ®*tr?»r 44° Is* C«|C44 4tC44 f4<4 4*4 I ( t°f^T5 l 144 

*^t4 «ftr§ C*?4 ) 

32. 4^1? 4q-^4*Jj 4 ^3Rt^4 Wt4, « C4t^ C^f4t4&t4 Jl°«tIt'Sl%4* L, S , « 
/ 4t4l f4C?*I 4*41 ?4I 4f?L=2,5=l 44 °n/= 2^4, *5^ ^4t^4 C4*t4f4^t4 
m TOt4t 4tC4t^^4 C®^4 f5C3|4 L 44° S 44 W? C^tC44 ^TtR ft<4 ^4 I 

33. ^ffsf (^*f4t4&t44 43 ^C4N ^C4 L « S (fe^C44 ftfWJ f4C4 4t4 R4C44 
®f® C®|4 ffe? ^4*4 414 ^4t54 C4*t4t4^( 34 ^4t4t / M 44 2 2. = 1, 5=1 -, 
L=2, 5=1 ; L = l r S = |; L=2, 5 = * I 
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34. X-^far ^Jtoit© « wrarra* toj 20,000 c®t*i> f4<34 £tre? 

«2fO?N 4*41 504 fsiS^o X-4ftr5 sjI4v54 \£43 ?Mj ^vs 54 ? ( 06206 <5|Jft ) 

35. vStTR (2 = 29) K ^ L it C*tr^ c l 4tot4 ^rbrij 505 4«ft3FCT 1*3774 sfjft 

•aft's 12*9 I ^M4 K mt4 ®43fbRj 4*5 ? 

a 2 

36. X-4fa4 ^tnr sff^c^fsr (2=42) 2^1434 *rct»r f^i 'TO^j 

1 ^1414 0105 fsi:^® X-'sftni 400 1 43603 ^it° ’Nwfrrtfra aifswrasrt^ 

kl orn 0-53832 ^;t" sKprftrira ^t4 «*wi5 ml *it«5t 5t4 1 cqfajpi *z$ 
2 

c4of 'splarm •flrat'tfa' *rc*irt fM* 4R 1 

37. x-^ftr 4t4J 60 fircsrtcBffc f4®4 -srcwr 

starts wl ^ 1 ^t4t4 rto* fto’?® x-^f% ^Tfapw c*t4t*i>, *if*i4UE4t4 « 

*ijt5rrf®iJtm K wfepr fa:? 5 ® 4*01 i 5fc <rt^®f«ra K 

cim-sfar* ® 5 *Mi 54 i*co4o ^m, 0 61848 <w 0*50795 «m?, ®t5^ 

arfcwtar fks^s §55*54 irfanfe 405 55 ? 

38 . (6 20 ) arStan*!* woo tot^i 5ot 4|4 4jmt»f M 4R 1 

39. *fgfaffa 4t4l 01-80, 1 00, 1-235 44S 1 389 ^JT” ®54rfrofr fsT^C^I?! ®4 

£*[14*1 «*fT?^ *ftS5l 5t4 5 9 lf3 5 OI Sl-3, 118 5, 208 44; 286; fsKTORf 

'stfsiR C44 4*4 I ®54fbntf J4 Jftf if «3C*fR c l *if44*®Ot4 C^Rf&3i «tf4* 44° 

®T4 c4o? *if44^or4 irrfnf®? *%$ («rt*ra) f5rf?i 4*4 i (fttwis w=8-6o 

atWorfsi') i 

40. (6-26) 5Rt^m ?iT5tojj ^"^4 ^srfcrrtnj 4R f4<3 4*4 i 

41. fiplM 4*4 C5 (P C4*[Ol fatTO’Rf >1401 «ff®fo3 

£*“Mll + »»oC-/Ml —cos^)} i 44 C»1C4* affirfflpg toT4*tor4 4tRf55 itf®*^ 
ft<5 ^4 I 

42. Wtff® KBr C4^TOT4 44<5 275 StWOffa 3 «W 44 «T4 119'01 ; 

^15 <&z\ tC44 4f*r4ff4 4J44I4 ^4 I 4f? ’tJt^tfel'R K. X-^fij \\ = 0*58863 

2 

^Jfx ) «£$ cwrm Otr^ 414^-5 Wl 54, ®t501 >2R4 3FP14 414^4 ^4^ 

?C4 ? (3-273 «ut? , 5°9 ) 

43 (6-54) yffmi44 >If5tO0 0 7 «nr? ^^Ofl4 X-4ftl4 0504 4lW^ 

C4^ItCT4 ^tfOT'l ©‘tt*^ R<4 jri ( 49RRt5^4 ^Rf44f ^t4 100 09 ^ 4^5 
2-93 5tt4/C4fsi 5 ) I 

* * * 

44. 50, 200, 5000, 4xl0 4 ^4° 3x10* §-c$1 ^014^1 « 

CfiJt^WJC 5 ^ ® 35 f4*f5 4R I 
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45. 27° C4 91^9 fSfefcWCT © 39 tnprMl f4<9 99 I 9f«f 4$ f*$fa- 

Wlffo KC1 9941*1 m\ 9J9fl<5 9U9 «W 3F049 fa*9 919^4 C9t*l *tt99l 

Tfrt 16°45', 'SftfCST C9f5IfC3T9 tftttfa 9J99T4 9*5 59 ? 

46. C$f%JT4 « 4tft099 *ttt9t9 f4l99 C94t4 C4C9 83 §-C®1 I|l3l9nj9©^ 979^4 

3FC9 55“ f^9 C9tC*l 9J9$4 £51 *tt«9l 9t9 I (6 37) JTCWtTffe 3Jt4 4t5t09I 

t%C9FC^nr <2ff949*l ©IT^ f9<f9 99 I n-3 49* D = 2'03 «tjt* 49 I «=2 49131 9) 
m^Fs ntwrt 9tt ? #» 49 fMte *rt4 c4c9 (7 io> srftarcn jtwcti af f4<f9 99 i 

47. 341*1 99 C9 44m 9Slf95fl *ttf*F5 f49*tf^ ^9I»t99 C9S5 §C5|9]}9 
©55T94 §C919*tt49 C9C49 4414 59 1 

48. C9t4 §!3193i9 ©HCjft90*l 10 4 C^St'^ f9«9 9t9l 9f99 tc«79;|4©^ 9J9519 99t 

59 I 90^65 f9CSf4*t 4F431 95 5C9 *ttl9 ? *tf? C9t4 9t*f49 9U?)Wl 

<BRps*t X'9fi8 9J9519 9*1 9t9, faWNI ^^S\ 95 509 ? 

49. 4<pf& iu^lsUW 4145*1% 1 fa-§-C5l \m 5t|0449trf9 ^4*5991914 

49 99ttC49 3f»|"KP5l 95 509 ? 4^ *t%9 ^0=79I}4 f9 C9t4 , t94t < 1 4091 

4f3fF5 ^tfR ? C93C99 9Jt4 10— C4f4 491 C9T5 *1109 I 95 *t%9 ^0*f9§4 4^ 
C95C99 %5C9 4T9US *ttC9 ? 

50. 49^ *l94t c ff99 |0*{4 t 3}4 10" 8 C4C9© 949 409 4fC9 I 

3941*1199 *f%9099 *1% f4©t9 (3*fl9 *f%9 '8rf9*59'5l) 9^5 ? o4f4^C99 "if# 
f99t9 94 ? ( 4 14 x 10" 7 |-C9l •, 0 ) 

51. 49{& C9-39 10— C409« 909 9C9 3109 I 093^19 

*f%9C99 *t% f99l9 9$ ? ( 414 x 10"* §-C®1 ) 

•-:: * * 

52. C9l4 9^4 C94 *15991 49«14 ( 1% ) 91$C*I 9^9 ^9C9C^ “{4991 ff% 9^5 
59. 9f*T (9) V £ =07 49° (9) J' =0'99 59 ? 

53. ^{91*1 99 04 ff9 99^19 ft 7 ® 1,1 o ft9 ^C99 C5t9 9^9 ^^9 4^ 991%! 

TO Fap^ff 50 5 !, t 449 *tC9 9©T&9 fW 5T9 v=cFtJ x /m 0 *c l ~+F i f‘ I 

^fsffcj 4F9 C4 t ^9 94 5C«1 ^^099 9^19^ 94 {44 9 ? lf^'5Jl =1f C4t9 9f®9 

59 1 3#W 449 *1C9 v 9^ 59 ? - 

54. C9t4 9^9 041^ “1% “|4W1 T*t ©t4 (10%) C *tW 49 C9C49 “F5991 

59, 9f? 9^9 C4t^ “ff© 5 49 (9) 2 ©4. (4) 10 ©«| 49* (4) 100 ©«| 59 ? 

55. C9t4 9f*t9t9 4fVt% (8 27) 44)991*19 ^9^ 441^54 99if9 , aJl «lf 9f%9lf¥ 
9t9l 4{9t“t 99131 1'5% ^51 59 I 9f*19tfa 094 9^5? 9f*f9tl5 |C49^4 5*3! 49 
flffrolf^ 9$ ? C-Sflfrl 9l 95 ? 
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56. 4fot*l 5*5 C5 wfis #|TO c^ ort^ *1% 451 5ft *tt5 pc 

57. 5 f f‘fat5 ’ffaffe 1 E h »pc f®«t9i 2% ^ 55 l 45 C5*t 5*3 ? ■#t^tl5 
5E*l 45 ?ffo*[% ^5 ? C*ttft 5tft 51 TFS ? ( 0‘98c ; 2’04 ft“|*C$1 ■, 

3724 ft-§-C$1) 

58. 4^|l> <pf^t5 <5515^ 0*70 fk-$-e3]lc ^ 45 C5tT> *tf^ 45“ C5*l 5F^ 55, 5t? 

(50 5t*r#155) (5) (tftfa 55 ? 



'Q vfon *lfarar 






11. 1 : ffSSFferel ; 

*ro*pi-?TO*f n#R w 
71**^ ^'sSITW 2f5f®^5 4 

?\m*\ fegN 3R1 I ’RR^f *tfTOFr <3 *ITO TO* faf5- 
TO* SfTC<?tTRl $*1 5W I i£$ SIWf *Fpm *RPIT«p 

TO 5© ^5*5 *W[ *m I ^iT* *WK TO 
(Nucleus) i |f\5^ *i?rai*p *MS*, ^ TO 

tcwMk w farcTO* stothi $<n scro i fvste 
*tf<ICW few ^*1 CT ?TT®flTOFTO6?r SToFffira CWF- 
*p^ toto stf® fa; ot<t *jr »Rpn»p *nro a*r sjm to 
totto fas* ^ i f^f *m?p to* qforo-fc 4$ srfo fH 
PPSWR TO W^ TO? I C?^* *lfcf *ITO TOTFf* tori Sim 
fore fe*f &fe*f *TO 5=5l»ts 3p*f© m W I 

C4*!aC?* C* ifl?ijl fafSSPl $ft5»T m®5 TO* $ ST^Oft *$2JTO fospjl 

^ttspt tobh *t* ^SmThsir c$nf**Tsi si^s to! csfappgs* 
c^rt^TO *rfhn cot i X-^Hr sitf**TO** 

*5t** TO TOE TOPlt hwpft C*ETO*F (Henri Bequerel) 
TOT$* Qo^rm (Radioactivity) $[T?*«TO OTT I 4* 
swpfes *113 *ntof C«WC**T, ta* f*t (Pierre Curie) w 
siTTO fit (Madam Curie) Wssr ^ toIto TOI 
Wf^ 3HT*i*f *pw*$ w frpT©$ i to* *r* awftw 
TOWl «W TO fo|feJT* To &5IW ^ *M*OT$ ?$? 
sq'&s c^sfaF* tot®^ cot fasfs Wto a*r* *H wra 
tot?** toVi to*^ 1 |cn tosjp} c?*ot* ^i^r wit* *sftc 
Saltern ot aw ctor to sir ?*i cot to* i 
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it. 2: «rrfrot3i 

X-«rf*p si® c®5rfaF?r®T<3 to# ^nfa 5 ^® 5$ 1 

afaoro c'f^n cacs C3 X-sfaps C3 <4 snfTOnr tor 
otr to '5Ri'o^ ?5«i #T5 a^f® fafosr a^ X-aWs af®a®i 
(Fluorescence) SsaTfR aR®l 1 X-srf*ff §<araTO TO X-aW 
sottost #ts fi?ftfe ^rrcer c*r a?®a®Ri ^ ^r, <®re to *itto 
^rTcerr^ toi §gTfa® ^tofrBnsi a^?® catera cto ctot to 
^a?3r ^a®T<T (Phosphorescence) CTO a*a# ^ITCS ¥t ifl i£l 
c^cto<?t ^®^fa a<fNi tos TO*a tor i 

tofC*H f®R TfTTOI; Sl^nr £TO TOC®r<T 1T31 

to# src$® <4^ c*FTC&raTfa* cacfo §a<i * 3 tfa® to *rcc®ra 

’#TGSITOT ST<T1 $gTfa® TOR \ §13 ^f»n C3 *#TCcTTC^RT 

a*iw TOfS ^a®i •sfsfsi <rn® to c*r s^a® fafwi fas??® to?t 
to®f c®*f to cTOfonfep^ cacfo to* fata to ?n 
s®i c'f^n i caSft fa3tfa® to<t a* ?®?;r ctc^r c*r srecw 
cacifa to* c*i erraam ’STfa® ?s«t c*$ s str siTf?® 

tow t fT9f cacifa to<r ^ tocs i m cto f®fa fasrns 

tor C3 ^tojfama m*m$ a®j^ 4? aTO fafa**i fas 3 ?® 
to i * 13*11 wr to *jT*«n fs®r c* fafoara &*afe 
a**lto ^a®T* ^T5 l 

43 *13 ?®fa §tofa*T 5 T BR «1 CTO fas 3 ?® §aCTO fafas*CT* 
cero a^f ® *fa aro annua a*ta *rac® aic*R i 0 $ to «ot 
caaai ?snR fto ercato ^tc°to &[®Tfar® tos srostf to 

TO ^ cvitolftw C?f^C^ C^?<C5Rl C*faTC5r?T S[C<I C?TC^[ C*R I 

tor^r ac?r fto cw^rsn??p^ ca^c<p fa*?*re to otwt ^rc^r 
sn^ ffT^c«m ^**1% 4^ ®fT^r cac^ ^ 

^cscs 1 * 1 ^ ^fCfffrc^ st^i ?n <^i aC'^'Q ^j»c?ffa?rR ^i^cas 
jjiFsrtfc 4* aTO 3T?*n Wto f^s^® to, ^ to* to«? c^f to 
c?FTc$TaTT5F¥ ctu$3 ©a?! ^uaf®® ^ 5 ® ara 1 

4 aro ^<j<3 W<*f® $313 «ri t®fi? (?FTc&rsrT??F¥ ca§to 
^ncsu^awar (Light-tight) tort tot »5rfa® to ^acw 
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^®T ’TT^T I ‘t£)?r CW ?®fa fro 
to*t or CTOSfa sitmtcto toi §gr?*r® wi qwn'Q ^wThto to«i 
g®s*^a ®lt* (Spontaneously) aTO fato«l fas3fa to f to 
sr^aTO c^t=t *r*a$ ^ i 

WwfiRlW* fato aTO TO«I to *Rfrvi TO* (3CTO8! 
§torf tosra toac 6 !* faw4r to i to f®fa 5®fl$® ki^ 
IfefaTO WW« §TORF fata 6 ! to® J[C® OrOTT I 4$ TO® 
aaHi cot f®fa tow ¥c?r or §tor? fafwi fcfccafTOW oit^i 

£«P fa?3J® 3R I RTTOia TOfaTO TO1 avotTOR 5* OT f^TS^o 
fatoyra aft® w ®tsr®i ^tafroTorer airoto ai c®t® af?R^pR 
^ri a®rfa® ^ *n \ *tfsa'f?? 5Ta, §*®i ai aTTOto uto 
ato&r tori* ^foatowa c®5rfaF?i®i to*$ 3ia??reto m® 1 
arc^$ c®srfaF?r®i <TTTOto afaafea 3T<n a®Tfa® ss jti, *^®* 
ia$ *fsfa toc^ aasrr*fa ^to sitoR^er feewtasjto 
cto ?rto otc® arcs *1 1 ana*i 4^en ^tfr® ca a*rTafa 
aTTOto t^T^efl aTOT^a ato ?ww «n^"H®r TOcroft 
te*wsF9[?5T aiai ?^*fr?a® 5?r 1 a®®s a^snw asfa® tor 
crsprat .arotfa c®®rfaFa®Ta §*ato to«i fato <ot aitcro 
nswrq-OTCT?! tot 1 

aatTO toi oral to a fas**® fatoi »p[ or aFTcfrsnto 
carihr fcaa fatal to ®t^ to, X-a?aia *i® vfl§ fafaataa aiTOT 
®rofa® tor ^ssivoT'Q sro i aaa®1 *p aTTOtto (Ruther¬ 
ford) fata aa1*Fi toi a«iTfa® to^t or ^cafaarc cot & aro 
fatro fas?*® sa i «apra toi sto fa?TO *{a toc*& caifa® 
TO to i aRTaapr^ ^a to or suspn-afair (a-rays) i tf^hr 
2R5R C®WJ®1 TO^T^S C^*it I tfPR »TT S I OR 

?ft$l-3H (0-rays) I TO C®S?faF?I *RPf^ COT TO<3 
a^i?i or*it c®*n®i jm fa't’fa to?h to i 

^ ^®1?r aTO f^toOT ^n TOi-^hr (Y-rays) 1 

to®^ ^ ^tofaro 5T^i cwtsRiTsr, cafero a^f® to« 
^caa»t& aft®er® alter cot ^®j^®tc< f#n 
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aTOT^ "G afra af?TO 

nrG?n cad i cafc*ra Wto* fasTO«t 

■TOaTd TO 3[* vfilCi^ CTOrfaFTO (Radioactivity) i£fl\ 4$ ^T\5l?r 
catered to 331 crorfaFa c*i^«t (Radioactive Elements) i 
'ii’RCa ^($*(CaTaj C* C3§rf*0*?(^n C* CTO®! 4C$I?1> a^?^®!^ 
dfcTO ad$ ®lf^5 ^?f a?I, C* TO Cat®! ^f'TOSS C^faF?! TO, 
a^an sjpt w crorfaFa «n§caT$ra ^Ito to asa 
Scad » 4$ BrTok ^>faa &aTCa §sa?T CTOjfaFa *m<$ (Artificially 
Radioactive Substance) a*d (1710) stfdlT&ai TO 

3d i 

11. 3 : <?5Wf3RT 4R* WTO«I 5531 

(1610) 5|spBgPT ^ITaai CW C* TO®! aaaT^a CTO*F ^a*Ta 
*?«fTO to afos 1 iflpra acai 4** a3aa afro ^crotcaa aaafaaR 
jrw ^waai^t tos mro to ^croScaa «caa ara 1836 *p ca“ft 1 
4tro to 5 * caT$a (Proton) 1 torr sfesiraa aaai^a d*gd 
m CSIT^T «ITd 1 CSfT^^T ^ aaaT<$a CTOCT $TO «fl*f *TO 
*sfTO1 *TCT, aTCTO aTa I fa§&TO CTO ^TCH aT^ I 4CTO 
to cari^aa to srcaaa totr! ca*it to ' c** 5CT a^aR caiftaa 
to*ji TOaca sua^aak Icrosfcaa TOana tor ; Mrc 
catfcaa 5R*n catc®ia *BPll«l^ TO*m (Atomic Number) Z-TO 
TOR TO I TO CTOd TOk'S CaT$a 4a< fa^Scaa caTI> TO*I1 ^4 
csfaa TO-TOan (Mass Number) i **f^2 caaa 
COT^T TO*n TOR, TOtfa aRTafa^ TO?&at TO mk 

cate aaaT*( i caT$a to*ji ^afaaf'frs toc^g fa^Sa 

to*h W«t tor* ®rj cakro aaar^ faf^a to a*asr sxs 
aid i «aw* to to ^aitcaicSra (2'9 ^c«g*r b^*i ) i ca cro 
cRt«T X to *ii£*na>ra aT«n*ro» 4* aaaTafa^ tori Z 4a* to- 
a^an A to to *$, m Z X A \ 

aRT?na a#TO *t*i aaT?*^ ca cs^taFa aR^ 
cac^ fas^s 5x^ f^TOTa catena cro^ i acai 

5® caT^a ta^a «tTd ; a He 4 *i <^to 

He 4 ^ f5^ to fanfare to am i ^a^s caaa c^faFa cakaa 
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a?RT°l faaffo (Disintegrate) to afa a-afcro ?as^ 
TO SsTTOT §5* C^SOT STC«JT C3T^ 4tfK to to | 

33arc faafcaa tot aaa^a af ataaf^ra to ara «aa< arawfa^ 
aaar«fa aarofa^ *rcaii (Z) ^ntef aaaT^a ^<?ito ^ on* to to 
^as »aa ^a-asan ( A) snfif aaaiga ^*ito m afaro to 
to i $r«fre aa^ aaar®[a aaarafa^ a*aii (Z - 2) sa ^a< 
s»a-a*an (/4 - 4) 5 a 1 

sroTa Wes?- aatai w ctf^n aia ca c^stf^a aaaT^ fas 
(J-atfw^far af saw *(a ^5 ca*T a*asr ^Rsfo ! cae^ ^rata- 
^5i atarara ®uhh asa to, (Maafcaa tot ♦rasnq ca^scaa aaraia 
sitto 47 ^aa afaan; 6 ! ^ ara; «i*frc <aa aaTOfoa Jiwn Z 
caca ^ caea (Z + 1 ) sa 1 a^®: aiT*[?aa ^Tat isicra 
ca*ga aa?? 4 aft fa§£a ararafa® to ^aft carfca afaa® 53 1 
tot cafta-fafcfo ^an ( sa-arcan ) A snea \ 

v-^f-ar ^ aaia ^f^gaaTa ®asf 1 4 \m sasfrrfi $rf® fg 

i^a ; cqsrc at TOa CTO X-af-ffa Ssasffrr^J SICWT* f 5®a ^ I 
TOT Y-<tH Cafta^fcT ^ *ftF*TP?it 5 ?T I ^TWRW^l ff 53 rfaFa aaTttfa 
a ai j 3 faafcaa aa vsa ai 4 aT?aa Y-cafta fas**® sa 1 y-kOTi 
ac^r aaa^a af?®a can artfera afaaoa 5a ai1 caa^i ca*aaft 
^a aftfsa c«ct «ri sea a^fe sa» 

a 4 a* |3 faafcaa ara aaarp affoa ca cat?*ra a?aa 6 a ac& 
^$1 a^aaa *i&*© tot a©t $a* (Soddy and Fajans) 

TOa fa^ntaa a^a astfa^ araaaa *gf (Displacement Law) 
uai ^*aft®Tca k^*t aai sa 1 4 &% a^^Tea a^i- 

?&i ^eaia fv£i^ ^ asrfa^ tor* i ^arca a-faafera 
tot aasn^a ^a-a^n m 4^ ataaiea to to w a^Ta ^TTato 
(Periodic Table) ^a ^fa 5 ?!^ aR fw ^ aia sraaTfavs to 
ara ; ^aaae^ (3-?aa$eaa tot aaaT^a ««in ^ataat^o <nw, 
a^Ta aia«te ^a ^ra^ to taw ^ aTa ^aaifa^ ^a 1 
aaa^ ^ca aa^r c^gwa aia a*ae# fasspft aTOfa aiaai ^a^ to 
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*f?i s TT*{ 'Q 

^ « SFTBtFPT ?*$* 351^5 3TTO? qm 5fj^ 

c?T*mj g? i 4 ?ro §*rc? «nwrosn *rti zom i 
11.4: tfSWfilS'St* <4?* $t*l 

§§c?k?T?, csnkm? a$fa c?fo?? tom ?tc*r to? 

♦ft??Tvs'« $.cm> ®T‘¥J *M1 ?T? *fl I C^@?for$l C?kT 

*ITC5 ( ?«n C&tt ’TIT? ) ?TCM C\©®rfaF?vfi1 TOM TO* £T? C*tff© 

«itct i to? csrck^? c?fa*|fcr ks^ c^wfaF? kfoscro 
s®to tom to* gm *rc? i 3f?p?c? <*£ *t? cto? kk?? 
k«M? wsm *"Tjl ks|$ gc? ?t? i 

*koo ^ptor ^*r kwRt (William Crookes) **fi 
*TOW C? ^tak?T? TOM TOfJ TO C^H to? 5?I ?TC^ ?1 
?T?T?k^ * l *ik>C'fi ^?C®T ^£?k?l? C'serfra*?'®! 

?**$ k?Rf gC? ?T?, TO C?*l ?T? C? TOT ffSSrfaRTSl »f???to 
5#>? *wj ^Rrartjrs gc? c*re i g^pj 5?iflk ?t? <?r 

UX (§tok?T?-X ) i fvsk c??r c? UXva? snrok* 
<rfto fctaksra c«w to 1 1 

ifl?*l? ^p{ kT®G*? ^C?k?T5l «T??fij v£}?< C^Sfko*? UX 
foffw otcot c?c? <?r i *rc?^ ?$rg *rc? fokr are?? c? 

^§C?k?TCM C^>®?kF?M>l ^IT?T? *Jpk '5f? ! *T? kc? iflCTC^ ; '5T*f?*lW 
UX H?tf&? <7©®ifcF?^ TO# k^$ STO l gppi C??H C? TOM 
to* U to UX in? c^5fkF?^T? v£j^ a?ra fk» to gm 
*rkto 5gr ?t?i sm* ¥?i ?m i ?k ( ®r«frc ks ^s 

kto?? ) A ?rai to? mi ?t?, 

*ikto cw?i ?t? s 
UX <£|? re®?faF?^l gTCM s 

A x = A 0 e' u (111) 

U m c^wrkFTO sp s 

Av=A o a-e~ xt ) (11-2) 

ifl?TC? ^o «fl?< ^ 8F?<F ; ^ U C?C^ UX-C^ 

m? *tk?sr© to to? I «T^S 
gT? W ^ki (Exponential Law) ^?T?t?^ i A 0 
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5C65 ^tafR3T3 C3X3 *[33 3^373 37313?^ *tC3 UX ^ C3tafcfo>9l4 
3 tr i 331333 ( 111 ) <3 ( 11 * 2 ) ^>nx 3 'fM w *1x3 (*= «) 



? 5ff 11*1 

to >Rpr UX^ia c^tavsi (Ax') gra cswfw i 

UX 43 Ca®ffaF3v51 *JRI 5X3 3T3, 43* U v£|<T c^®?faF3^i t^rtcr 
fro WT I 33X33 3*X3 UX 43* U 43 C^BffarcreRT §*1X31^ 


75 

50 

25 


20 60 100 
t in Ooyt 

fra 11'2 

5Wc?ri ’mzn U43 ossrfasrsi (v4u) c*i«tfrcr i 

*f?33^XR3 C^fftT (11 1) 43* (11*2) to 5E3X5 4^ 

*tf336R fRufato ^rc3 3JT3Ji 3*3i 3T3 i 

C^s?faFS ?3to c l fRS^*! 3^X3 §:taYR3T3 CS}fa UX ROT 43fi> 

RssR (?to 3i*fTSto 5X3 3T3 I 4^ 3J5R C3faftG X^wtef f3fa3«1 
^8333 3X3 3fRJ ^ 43^ X3k®T 3i*fT¥?3o £X3 313 I W 

$§X3?R3TX33 W3 3X3R, ^53R fsfa tif §$X3?R3TX33 

3X31 W“3f33TX3 3^3TR UX C3ta 1 > 3f33X e I3 ^tiTsl *tf33T*f ^C3R » 
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to«i ^tefaro cto* fas^$ fafa<j«i ( a-?if*ff) c*nfw 

to ^nrsr; sfc«t 5^3 c <pr fa?*fa to fa i 

W STTOfa^ ItafaTO (M& UX-<3F *f«r^ ^1 %$, ^r 

yfSisr CSSrfaF^l UX-il* TOJ <w §tafa- 

toct fafara toi cto sw i to »ivirafl 5 kct j$5r to 
^rafa?TTSI C'sWfaFS 3iTO<I Sflfa SRI STTTO fa| ' p t??TSTT c l 

UX 53 , 'to z?z<rf <pc?t^ to ^tefasrwa ossffasro 
TOR fTO C^ TO 1 SPTCTOF *pTC^3> UX CTOSRT’fla 

c«®ffaF?r fafa3«t (/3-fafa?R) fas^\s w^ 3 ®! isen 

<KTOfa^ TO «TTC^ (flC'RT R\*[J1 ffspi: *FTO efTC^ | UX 
C^ fas*r^ c^SrfaFS fafa3C*[3 RTO3 TO TO I 

^fiftel WCT *tt$G 2fSfT?®f\s CT C^PTR (?taw C^5ffaF?r^l 

(Rfartfo ^ffawre°Rr fa#sr to i (11*2) «nsRn c*rwfa 

CT C^sfP^TOl Sff^TO 5 *fiRTef?q<F R^ifa ; ^stfa c*l1C9RI 

TOU^f^T a ^1 P fa^PT* TOf <RTO?<^ 3$ I C^SffaF?! 
(Rfcro TOTT^to <ftTOt?R ^ (Rate of Transformation) 
TO CT CTO $£C6 (RtCTO TOJ ^STO *RR1*| TfWft §*R | 
SfPT ^§fl TO C*l TOfi> esrtoT P C^SffaFS fTO$PR TOT SRI fflfar 
Q-tfo ^TOfa'S TO TO ; Sfsfa 


P-O 

/V 

P Oltaffa *R5n*p Rt^fJl 5R*fS TO TO ^\ 0 CSftCTO 

*rasn*pr Rv*m 3*51*1" ^fai to i ct c^tr ^po qfa p v^sne^ 
’ran Af ^?r, ssttot ’raras 5ran A 7- jranfihi *ifa^?ra to 
N-4r TO^nf®^ 5R i sp*fr«: 


dJV 

dt 


co'N 


C*R1 TO 


<a*npT K i 



(11*3) 


^ffT $$ t^rfa jp^j (Disintegration 
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constant) i (11’3) to to j V c fT5T^ ^ to *rron 

N-m gpr ton to s?r i (11‘3) *rsftTOK:¥ 
to^t to?ii to 

N=N 0 c~ M (11’4) 

t- 0 N = N 0 ss, iV 0 §pn^ *i<fhn sttss 
^to *tto n^TO P *RroT«pr *re*ni i *pftTOi (11*4) cto 
3ppT *fSft*TO TO OT8 TOfosTC (11*1) STSCBfft TO31 

to i TOni cto cto cn ffsefaFsro c^T^nrr 

fnfTOnn ^hrei; 4! sstesi to cs^ps *fnsu«i’(to 
TOJ1 *fan$PTCT 5TC<R §*fsT I CSSf^nFTO /4 SC5£ 

/«= ^ =KN=XN 0 e- u = A B e- M 

4$ JfsftTOI (111) JlsftTOI CTO I tfaerfaFSTO TO 
**1013 w (Exponential Law) 5 f*pnor §1* *113 I 

TO TO TO CT T JR?! TO C^5?to *f<J5IT®ftto *WJ1 
amto *r«to gra to i nn* * = x g?r, 
iV = NJ 2 53 i **&toi (11'4) cto *itto to 

N 0 /2 = N 0 e~ Xr 


ln2_ 0*693 
T * 


(11 5) 


i-C& ^ 53 ‘fa 3 i>PT 3 spMtarnW (Half Life of Disin¬ 
tegration) i t-ii?r l townwn (11*6) ^sftTOn 
to fa*fr?35 ss i (11*4) ism (11*5) jpftTO 
sPIto^m x *n© ^5 ?» *n© S3, c^f*?F3 

'S'® \5T^r$T?^ fasif&'S S3 i cn *n c^k®R t 
S3 ( to Itafrosi si c«iT?33Tsr), K *{s f 5 S3, ^srcra 

TOsn*pf»i np Tw*rim to are S3 i af^ carfare cto13 
CTO X i£l<K A. TOH ^3 to£ TO 3TCT ( 11*3 %ff 5^31 ) » 
c3ts$ x *33 to reerto *i3*it«( 3 *<nn awto tors 



10 *f?raT«{ 'G 

( ^mc^r ^©tot $.c$ *tr. 



fW 11*3 

t^f’ssr 5p»(^ c^s?f*^?r ♦mcsfa i 

2t TO TO 5i<«m 3TS(?5R *K*[JR “a 31 ^ 

^ 5 <K*f ; 3 t W ^ i ^1 <£W «pdTO“r S 3 ; » 

spfa nt ^rsr?i to c^rfaFs tosct^t wn aTsifsre wjr ^ 
TO to i (ll'l) si^rot t^foTOa ^sto t 

TO TO awfsRF ^hr5I?r 2* TO ♦TOT £, 3t TO 

-TO I, ^5jflr TO TO I 5flftTO«l (111) CTO *fT<331 TO 

ln/4 = ln^ 0 — A ,t (11’6) 

- 355*1* ?ito* 3^ fcrs^ <tf*p tfterro 
(Logarithm) c*r*fe «£flsf& TOTO31 S3 I i£& TOTOTO 
itfva (Slope) X, TO?(ll , 4f55^l) I 

*^5S CTO^ l 43* 5T* CTO 5f*fefhH3n«T T 

*faTO 3R1 S3 I 

sfjffa to (* = «) ^ w=0 4** ^4=0 S3 i sreto 

TO TO C58ffaFS *TCTC«fa TOT^ 3*3J1 “£3 S3, 43* C5®?faF?T51 
*[■*# fag* 33 | TO^liW C^C5 WIT *r*T <1 TO 

to csoffo fs toit^* *f**(Ti ai«fto tojt* ^ito 45 to 

CTO TO C3 'SI TO ^CTO«fl?r TO 3R1 TO I 
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^twimih P csitonr farfcro fcw* Q pta* 

i 

i 

i 



log A <*rc< srsrctfa cswfra i A 5CS5 WfifT j, «p5'oi i 

^ITT*! - P 88 ^ dST'Sffsa' I ®f*J%^TSR5iffr‘ \(&i 14*5 

for i *ra*H3i<rra *frs zu% 0 - 4343a i 

C$$?faF?r$l ’TOi CTO TO TO 5?T fa I Q ^rat 

(Stable) arcs i *iftf c'®s?I*q , ?i ^i^t°l 

t^PRi to i£tf& ^€Nr (R) <?ta $$ i P 

<3 Q cpsrraT® (Successive) ■ Siam TOtes«i toi 

aro to m 



crnfaq fan>pra P w Q c*ta toscss to fofrfos 
s&i X x fawfrr-s 5 ^ ^T?n ; TOrare Q ccrc^y R oto ?prraratt 
5R fa^r ^ A, a fs^T^HHCTO I afo PIETO SFo^fa p 
WT«l ?4S|1frs ^ ft* ^jfsr Q *RPIT«[ 3fS ^ I sfa CTO 
5fu© iV x sa P aro^s *rcan, ^ttoi (n*3) Jr 
^Cs P a?T5lT*(S Ts^MS ^ 


dNj 

dt 



(11*3 a) 
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*f55 T«( <3 (& ^ *f?555 

O *f55T«i sjfafo 515*0 K X N X 55 \ Q *ro^«[’(fa'e 
fadfts 55 i 5 ft ^ A 7 a 5 a Q TO5T1 W 

(11'3) TOffo5«l Q 9f55fT^ fafcra 5T5 X 8 Ar a 55 I 

’^I'ftsS Q *(55T^fal5 TO5J1 *rf55^5 5T5 &5E5TCF ^ 5TC55 
15 TOR I 3^5K 5TO51 fsT^lUo *fT?5 


d ^ , f=hh\-X,hL_ 


(11-7) 


toVw 6 ) (11'3a) *fT«51 5T5 

N x = N xo e- Xtt (ll'4a) 

N 10 sm P 555 T 35 aNftr^ TO«m i 

(11*7) TOfaRFlft 5l5C®f| TOT^oR ^51 5T5 I C*P51 515 
A 7 2 = f(t)e~ U \ STR51 *f$ 

^A 7 2 _d / e -\,i__y, fn-^t 
(it ~dt * T 

5^45 (11*7) TOTfa5«l C«[W *fT>051 5T5 
$ - i s /<r x *‘ = ^ JV T - * S W, = - Kfe- X " 


dt 
^5K 

45< 


*J t =KNi(?" =X 1 iV 10 f- <x '- x ’>‘ 


/(0=-t-^ iV 10 <r (x - x ’>‘ + C 1 

A* Ag 

C x 5 ief tot^TO 8P5*F (Integration constant) I 5fr 551 
5T5 C5 t = 0 TOO Q *155T*(5 TO5J1 iV 2 =0 55, spfa /(0) = 0 
55, ^T5C^I «JR51 


/' _ ^»i 

1 K-hi 


N 


10 


=5^45 *5*051 5T5 


/(0 = r ^ I A' 1 „[ 1 -^- li '- x ’ K ] 
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[ <7 " m -£,-x, ‘] ms) 

(11'8) «ct to *wsi Q nasn^ *K*m N, fasna 
33 $i c$m ?T?r i sptfre t— 0 tos, 

N a - 0 ^ i *RfaFiro* W'f'd to f m ^ iV 2 srtfra ??r i 
(11*8) wWlW 4W £ w TOlrffa SfTJT ^TT'G?n *rr?r s 


w 2 \ = KN ± J 

dt I t, n ^i“^aL 




«pwi K z e~ x ^ t m-\ 1 .e~ Xlt>n 


v£i?r ’wasi 5n?r 


*[\5*rc 


c (Xi-Aa) i?H== 


K 



(11‘9) 


t m TO TO CT 3^1 WJ1 A t 2 2M <©1 £ = f m 

J2 XT 

TOT —JrA STH faWI TOOT C^T^l I 0TO1 TO CT 
at 

^topp $$ i 

stow c*k$ ^tt?t w Q fanfora *fot R 

TOIRftfcPB Co5^ZF?r ^ I SfTTO R MW ^ S 
CvSSrfTO sc© “TO \ TO 5 ^ SFTOl^a (Successive) 

Xi X a X* X* 

Warfare 3t*fTS3T ^3OT OT*fl ^T?T P —*■ 0 —> R —* S —> 
I 

qfa K lt A, a , >, 8 iV x , iV fl , iV 8 , ^©nfa topm 

P, 0, R a^te ctfcro fasrfa-sFW i*w 1 3Frsrc?r *Rwr*piwi s$, 
©tsot ^rrsf?n art - , 
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*RISIT«l <3 CTOP 


dN_ l= _ 
dt 
dN 


dt 

dN 

dt 


KN 1 

= KN t -KN 


S'* ’ 8 


dN, 

dt 


= K-xN*-x 



(Bateman) 

TO^T I TO P 5T^l 3RJ ^511*1 

sr^iji *fw t= 0 5fso N 1 =N 10 , N 2 = A\- ••■ 

= N n = 0^ i 

^fif sira fvs=r *jm ffraravo S csfafi* 

(Stable) ^<?r &to<t sjc?n 

<f<ic«i^ i (11*8) 5fsft<p?fFi?i y\wmi iacto *cm\ 
sfsft^lto folTOS ^ 


dN a 

dt 


= A i iV t -X s A%=^^'[ 


X#t __ X«t 


]- 


XJV 


8* T 8 


*? x,t ta ^(«i to *rra?n ^t?t 

^e k ' , + X s JV,e’" 1 = ^ W»* x,t ) 
at at 


— ^’l^'g-^l ' F/,-Xa* _.„ p-^tt J^Xei 

~K-Ki e J" 


^isit^sr to ^iT'0?n to 


1 1 AT r p (X # -X»)t p(X i -X,)t"| 

"•«‘'-T^-Er^.-x 7 ^,] +c 

C i £ = 0 ^fso TV’s = 0 %$, vnsw 

ViAi^Lt2< _^ a __ _4 . r 1 a 


«F<R 


K-K a.-xja.-x.) 

f~ _ X,X fl AT 10 

a.-XxXx,-x.) 



C'^'arfrfS'SI 
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N s = l 1 l a N 10 [C 1 e~ Xlt + C>" M + C B e' k,t ] 

_ r _ 1 ^ _ 1 

*** i "a 1 -w.-u’ c '“(X7-x,)a s -x,)’ 

C =_-_ 

8 (K-K)(K-K) 


5TW ?F5miT^ CW5 n CFW3 cstol 

^5lTg5T^ *fT<3?n ^TT?T 


N n =N 10 [C t e-'« + c 2 e ~ x ■« + 0“ x '* + • • • + C n <r Xnt ] 

( 1110 ) 

^1^2. 


C\ = 


(^.-xja.-xj.a n -w 


£■ __^«i^2 hs ’_1*1 

2 ” 




11. 5 : <?5^fe f%^t*rarl 

3TT*JT<J«res fafvSSJ Cov^f*«F?r (?ta?r fasifrT 53 I 

(11*5) ^ (11*6) far l 1 >l a ^ X <K> 



far 115 

cswfarar ’Prrc^ fcrcfa (successive disintegration) i 

^C'^T Pltc^RT , ®W*wfa i PFT9r Ti — 1 ^*$1 t*W* C*rtc®T?f 5t*4j 

r a « 5 vdi i sn?c*e, «c«fa t - 0 tow, >r: 5 Si csfaro *rfaj i 
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^sn«i 'G c^*s^ af555 

^ cto tto 5 JV a *rf55«OT c*T5?ks srcHs 

5C?ire i P fiifato 5®n 55 C5fa’ (Parent Element) 
TO O csitro m 55 C5fa’ (Daughter Element) \ 



fw 11'6 

urafore c’swpfcffw - fopfa i £n?i:*« wlcffR ff «f i 

»fl?r gfq *arl<w^l gf 5CB? t x = 5 i ^ E t> Olk*R s 5w'er%'T4W 5CS5 r 3 *= 1 5"$l i 
Jffa* 5{5R *f£?J 3£«ih iflw? >T7^ ’T’fTC^W *15.4 lcW fwwf^5 

57® ®fT£4 1 

C5j«i%5 w a^hro 55 ct <?ta5 toit*i toji 

t = o *Wt 5 *£T 5 CTO* TOS TO t — t m 3TO f5®5 5H 

ifa to i TOa<r vs^ wn gra care «jtw i spt 

5{ffI^«IT?ft 55 I 2f55 CTO, X 1 >X B 51 t 1 <T a 

OT, csiNt 3fS csrte'T *fWhft‘ 55; s5*R 

v£i^ ^5^-gPf (Exponential Decrease) ^ <?ik«l5 

srfcR^T*! r 2 55 i Wl5 cto, A, 1 <X a 51 x i > t 2 

5C57, a^i c*ifa ^itars* tfTfe'hft 55; ^R SPf *5^i 

<flk»(5 ^pNt’RTO X 1 ^T?ft 55 I 

(<?) Rtufipp fromi s 

?ffff T 1 >T a 55, sptfrc a*dT C^fal 3ffc CSlk^RT ^®HT5 ^f<TO 
jfftgfat ^T5C^ a^l W ^ TOST^ 5^TO TOI 
‘toT 55* f^TOTO' (Transient Equilibrium) 551 





17 


5fr t^>T a l a t^> 1 5 * w (11'8) 

’TStteSCT e~ Xlt ^wRT?T <T Xa< *Rf& 531 I >p53TC 

^2? >pfto3*I C5C3> 5T5 



KN 10 

K-K 


e 


-x,t 


3^3TC ^ *155133 *k*iji 35^5 55T3 *13 a«$i i*m 

srera wi*p wjt$ a^i ctitm* spfefarc x x 

£T5 C*!^ 5TC^ I 3fd 45\ a«Sl >1^3113 s^^lFo 

55 


N 9 


_^1 =8 p^ 

A a A x 


C*r&$ P 43* Q C5tTO33 CVo’SrfaFfTol <sTO3 *135Tq 5R3IT3 

>rsir^miW, 3\o3T* 5T5??i3* m 4^ 21333 C5tei3 

C®«fT , tr?i\si§F ^‘'ITns'Q SR^ 55 l 


W tWrftt frotwl % 

33»i c5tc^f3 ^^sft^^ToT C5fc*i3 <s®rci3 'Sjpt^ 

ml 55, *x> x a ^ 55, wr a^ 43* ^ 

*135T33 a*3JT3 5E3J C3 C*t^n 3T5 SsTC 5 ? 3ST1 55 *fW^T5t 

f$5FTO (Secular Equilibrium) i 4C*R35 a^l C5k«l3 ^*f- 
sftoWTO '&5 55 C5 *Rfc¥T*nC3 fcl3>*R3STCei3 5WJ 33*1 

*135T33 5*5JT3 gPT &?m ^31 C3tfa *1TE3 » t<X x 55 ; 

35^31* X x i< 1 55 » 43* <r Xit =a c^rci 5T5 i toot 

>1513*33 (11 *8) «C? *1T<351 515 


A f a = i J A r io(l-e' x, ‘) (HID 

A a 

\ 

>1513*33 (1111) C3C3* CT51 5T5 C5 ^ *135133 5*511 >[R*- 
>(5 SispiTM ^N» *IT3 1 ®*P$ai C5k*l3 C®®ft s 5 ; 5^T'Q 43*§; 
>[5T^515l *113 I ^pj 3*<|3* §§E3?«33I5 C5C3* *f33lfv5 UX 

C5k^5 C^SrfaFSnSl C5 &*lt3R? 5TfaT^ 3^5151 fa ST# 55 
43*31 ^TC^ 55fl 5C5C5 I 


2 
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*f55T*l « 


5?*? <xk<*l5 ^^fa'T^TPRf ^NC*^ 

C5“ft S3, stfTC f^>T a 5* f ^©TOT QS w 5T5 

^. = ^.„ = iV,„(«Bn *rr*) (1112) 

«i^5s *W JPRI *rc5, 3f& »RPiT«i?r awn iV 20 s^ 5C5 m » 
^ ^ 5 * 515 , fash^i TOa5 w ^su«(, &©t55 

awn$ ih^ «nc* *m src=r to C5re ms i ct$to *sfc 
TOflCT to ‘^rfasral toTTO’ (Secular Equilibrium) i 
asftTOi (1112) *fT<351 5T5 


a o __ k t _ y& 

N 10 k B 


(1113) 


^ <3 3^1 *f<mTq aWJTS «r*[*ir5 4TOE0 SF^ 53 | 
C5E5^ v&m N 20 <N l0 55 ; ifW^nsft ?^T^5 

5Ss5H 7}<$ *[5^5 aWJI S^l m^S CTT$ J1WI1 STEWl 
TO 55 I (1113) TO*tTOI W *IT«51 5T5 

K N 10 = l s N 20 (1114) 


^©5T\ af*rG ^ CTfo?T5 *\m% awn a^T5 ^5RT5 TO 

55, ^0 SfTOT C^k^IS C'a©rfaS’5vin iS[W a5|R 55 , 

3f<TC A lo — A to 55 1 (11’2) to tft^5T5t ^T5 5 5I5 ^ 
UX csfas OaSffaFS^TS 5H C5 *fW a55 *0 5E5 5T5 

<31 CWT 5ETC5 I 4*ITFT ^CSWETO C5 asftTO 6 ! (1111) 
«n55T# *T55T®(5 C'S®rfaF?F51 iS5 stfsfNaTO Sf*[5T5t 

^ *1TS I (11'2) to UX <?ta5 CoerYwifcT* ^ fto 
(Exponential Increase) C5 c^T^ifro 3^43 5C5C5 <51 lift 
C5ka5 srfaftareTsr ^5T5t^ 5C$ l 

$itto 5R:5^fi> TO5T3 (Successive) c<5^T>fr5 
TO3C55 TO ^TWrRl TOfe I 4CTO 5?? 5CT TO 55 a^l 
C^ta P"il5 ^PNtsaTOT C5 CTOT wlc®15 ^j®R15 ^fPl^ 
C5*ft *tH <5T«fa T x ^>T a , t 8 , X 4 , ^©Tlftf <n A. 1 <^ ^ s> A, 8 , 
kt 55, <3T5Ca ^ ^4s?l5^K5T5 ^^HT5 
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to acs ism W«*i ^ estovers m 
f«5^T^5T?T S3 1 TOR (1113) 3rsft^«l TO *0 

a«rsr O C*ter a^TON «*** I 3T&OT i£KT 

fcrefa st<t<s sh? ss i ^3?rrc 4?r c«rov ^ aa^ R cstei a?rai*i 
ajWg sras ifw i srww *fM to are R w\im a<racj- 
TOIT* SFW 5$ l ‘TOvsTf CTt^f^Rr TOI»p WIT'S 

aw ss i *fa iV 20 , A T 8 n, ^vsnf'f *fM to are fa?«sr 
^asn*pf9Rr *rc«m to w*r (1110) Jisitaro toctj c?*n 
*tt?t re V43 'pm *fw«i * 5 T?ft fif™ TO (^X x ) f 
fearer? *rwr»if*i H 3 ^ s?r I ^M®1 ^ csifa^fara 

Cvs^r?lv5T<3 «£lTOn f’SsHW a<T*are<T TOT 53 I $fsfa 

KN 10 = KN ao = KN ao = KN, 0 = ■•• (1115) 
4TO fcCBNOTIJ re faf<5?T 3f$ Gfatfsi 35*W 

4TOT *SK$ \sTres yCW f^5T3^1 sJTre I 3fa 4¥?$ 

^ cstt^rre ctot &aTre to ^Tsrer rerfi>3 tot 

H«£l C*ltC=re «ITOT 3CI> I ^ CStsi^TT TOT»[^ ^VW 

WT ^<13 =£5^ TOT ca£^ cat's *jpfa 5J\5 f*5®T^TSr SR 
aT$f 53 l ^ TO atfsftawM TOff (71 re-R *& 

csftsire «a$®rre 3H 3T<r %*$] reta rere ^si to i 

frrrsswiia 1620 war cssrfro csifa 

C<fefTSl CTCT 3‘82 fo? srfsfaTOSI TOST CTT® 3 ? RSTO tfa5?faF3 
SflPT ^3<T 3T<T3H *pr^RT TOT ^JH*TT3 a^?o reTC^R 

Itfwn* CTO TIT5li?W 20TS?W ffJT^ 53 I 4TO kSWCTO 
re, (1111) ^q> rek*i?r ^rtstt^ *K*m are 

W (iV 20 ) aTa ester aiTT I 

ifsit?it 3 c^srfro ?snrai?i?[ cto guk stst 

?RC5T ^itwiTp^ ^r^hr (Hydrodynamic) to>W 3 sresp ^^1 
?T1 ^T?M SICT ^ CT, P, Q, R ■••^«nT*f ?Fo^9|?ffT 5rf?a 
am «*raft ^®tc^ (ill fszr s^D i 

^ TOir f%5 a^fw caw Sierra to w«t 
eisn ^n?r ^cr ac^ f^s^fsr ^ jn^rcsr ^ cff<3?n to 



20 asw-i 'O ai* ato 

saw arc P cac^ ®?a Mvo ot Q arcs ataa to i 
to Q ■to to* ^a saca gmas §C6& arc* i 



fra 1T7 

ca c i1^t c^t 3^353 w^fwra gra « *rj**ra *kc*i &*ra arto 
5rfes *ra 5 tsj;c^ 3Tc*n a^rea ^a^n i 

Q ' p tTCQ‘?f Sfa-^a $&te amt* ^$1 fa 5 ©?! $E* aiZC* f§&CH* 
*n*\aw* §a* i Q arcs $?a aw»r ^*t* a«a a<ta arara 
T^a to era Utfv sjs R aica swa *p*te to i Q ms 
StfCa* vsa W ^<5te aiW 'ST* caffF 5fa 

ami wP care Q arcs awrra to Q a iw s?a 
Wto* TO aan 5$, Q arcs* ®fa-^a &^sa 5* > ^*a* 
Q arcs* era-vaa mate «rrc^ i v^src* sterefc arcs* sra-^a 
aaca (Site arc¥ «a*$ ^£1 §^sa atm a$® 'Gim a* *imt* mate 
aiw i caaa zpsiT?irs te 5 ?^?! *iaracs* cro farffa* c^m 
tesfaF* caica* a*aT^ a<an fce^sa sir a$s amm a* 
«it*t* ^mte arc* i 

11.6: <3fi53rto*ra «it1wrs 

te^tasvtei ^rcfa^Frc** ^i®a fo^Tiw* aima 

(Madam Curie) a^T TOa ca, fa^ar ^totaaTa 'acaan 



C®@rT*tHissi 
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*rea?3TO fa5 v -C3^ (Pitch-Blende) |to»WPI 3 
(Mineral) c®8?faF?r®l TO3F c?*ft i 4ft c^ft fto TOR 

W, 4$ TOsfeM SfWJ ^tolfaTO 5T^'Q TO7^ W*it C®SffclF?H51 
^‘a?? ^ ?i $rj c^h csft«T m*^?r ?toR «nr^ i fto 

dlTO&TO *|^|T'8CV8 i£& $1551® C*lta?(?TO vpf? to? C5^1 TOR I 
to «fl$ at&to 5RW to to TOia* fat?? to 8 (Pierre 
Curie) ?$wr i sttotot? 6 ! totoigb? awi to 4 $ 
atom aft? fRC?rT^T to^t \ to?? to®?? srj 

croton? m afa wift c*m 4ft fa fas s -c<p?® toi 
^??TC5r? to otot c?t$* fc;ro? aR i ro 5 ^ csfappft 
aiTO? a? to <p?to aT*RT? ?n^® 1 to?? *IT*R1 

tasto? ro?TO? Sfropi toTOal? toi sires i 

CWft ?TTOfa?s a^TOs g?I *J«R* TO? a? 

$wro£rc*Fra (Electroscope) tos? uvum ac®j^ ^tof® 
hc?j? c®®rfap?®i to a??sna tor i c®®to? H?j*(taCT 

*{? *r? ^sto? stot? ?T>rr?fa^ aff®£® f?ra?ei to 5? i t£)2t®rc? 

'^•T C'S®?!*#? ?raT??*T?* cto®T? a^iR ^Tro?n ?T? I i£lC*f?T 

siwi <g?to ?TaT?to <tosft c????r (Z = 56) <?ta? 

>R$*rc i <*qps Ta^-(3R v tf5? toij ?toR c?f??rcra ?r?ntoF 
a?rf®c® to? *w? *s& c®srfaF? aiW mi ctomsf 4ft 
a"ca Wa® «ito? *jtof® 5 ? i aw *j^x rotfa?5 cto^r 
(F ractional Crystallization) aw?®? TOTWJ <to?lR caw 
*J?¥^® TOI *£& Co^Wi*^ csfaiifa C;FT?T§® (Chloride) 5R«! 
fa^sr tost? are?! ?t? i <ift ^o?r wterffa srw c*r<3?ri s? 
"wtow’ (Radium) i a?TN ron ffa? to 4ft a?to??* to 
m M = 226 are?! toi ®tst^i ato TO«ito5 (Perodic 
Table) ^ csj)^<i ^?n i »g?r a?Mto^ 

^ (Atomic Number) Z =88 aT<B?n TO i 

4\^ ^a^ fa^-csr^ fro aaHi ^ to to 

200 fafcrensj at^n c i w?®?itsi cspt^s aT^r i 4ft cto afaro 
at^asf, <3 ^ *istoi to?? <g^ to to® 

®i ^a»it€ ^?n to i 
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<3 C*W afo ate 

srfamnEm w fof ! for snca strtst f<ft ?a5 s -<3Rt®3 

SJWJ 3jm i£l^ 5^ CvoW^^FfT CSlta I vift Cak»m 

♦Rrarofcw ^«m Z = 84 areai am i * iw f wr*f caronrar 
™^nci $$ catena RT*f c^ai ‘caTWnfrmTsr (Polonium) i 

CWl am Ca CRfa?(frr ^C#mTR SOTF 1 SISW ca*ft 

re®fasm i ay®* smafaam Sfccsrfcmipm ^bfm c?rf®?JTsr am 
faa w$ (3xl0 6 ) *pi ca*it c^sff*ef=?r i catearcsm 
fa4a ^<r areai ^ t = 1620 a**m ( am) i caicsnfcmism 
apNtowM sm am 139 ftR i 

foparaTai ca caTwifoam «aa* cafcam cater ^ 
^tatemTR cater caw spamFo fcaifom (Successive Disintegra¬ 
tion) sm i ^v5Mt*mica?r '5f*J®fte*WT®r art's ater t 

ateram ara <a§ aris/te^Tcem rtr areai am am t v = 4 5 x 10 9 
asaa i arcaaaf^ arcR<p am arf^towmi 7f*a^ 

catema, career rf-wro <*m cafeaia, a«di cater ltafrmrca<T *rcca 
jfft^rat t^vsm^m (Secular Equilibrium) ara^TR a^<T i 
<t&wri ta 5 v -c£RS 5 a awr cater^m *rm areai am i a«fr 
cafa ^tafRaicaa c^^rterem a^a caTCs^ntemTa, cafem 
arm* aca^Ti? oilcan c^rtesFa^si ( a^a^ ar^c^? 5^>ai) 
S^am fa^-ca^usa cssfaFa^i U*s% ^cataaicaa rasrfaFsrai 
arta^ ca*ft sa 1 

ST^l Cater ^tofaaiCRa ^pfRTa CRt«T C?[f®P at 

carwifRarcaa atf#TR$M artRa* am sm, ^ratem*! (11*15) m^amT 
a’tosmt t^sm^ra a^am catw cater ^ afaam ^cafRarcaa 
, ^mm %*$ aTaiRi sa 1 

-^fT^awa 1000 fotfmsrm §§ca?RaTR ^ca rHto! 
ty^wsra at afaam catsara a^an an:^ nsi fR4a ami caw arca s 

l^cafRaicaa ^ ^wrc&Ta ms. 1 238 w 235 
5l®a^ <s\k ^fe^TC^ra 5 % sfTcafw aT0 (Relative Abun¬ 
dance) sfTOCT 99*3% ^ 0*7% 53 I (mferom (Ra 226 ) 
^a?® ^ U 288 ^OTTC^ia caw 1 





23 


1000 foETOra U 838 sm 

N v = ~S55^--** X10' X 0 993 = 2 512x 10 s7 

2 oo 

(11*16) ^rr>Q?n m (A,=ln2/x), 

Nn& __ Nj, 

*JU Xu 


NiU = ~ A'u = 4 r|^o» x 2-612 x 10” =9 043 x 10 5 ° 

snaiW Ra 22,5 ^?f *fasiT«iTO 

M _ v 226 9p43 x 10 2 ° x 226 

MHa .V Ha X 0 .Q 25 x 10 3 B 6 025 x 10 a a 

= 0'34 stsi 

xsiefr^ 1000 farora *i ^ fa U 238 -^ 

»(W^rat sirs 340 fafasrra csfosm 3 ©*ih \ 

5nfafe<F cro* «ran nra ct, 

^T®[\o ^ * p i??i5rr c i cafesR 

?[55toR I 

11.7: 

^wtasr (Z = 92) i*w< c«ttT^tst (Z = 90), »a£ a^fts- 
©T3i CSlt^r C^®ffs?F?T I 4W<T ^efN^r^M 1 ^ ^ 

C*ta<T fafwT sjtftf *©sjh 5HW^ ^ 

5T*=a^r CTfa^cw (Daughter Elements) 
w gT^r 71*^^ toft ‘aiffo^ renter ca'ft’ 

(Naturally Radioactive .Series) snfa'fvS 1 ^ 

C^5f?^?T esrt^T 

*rH spfeffoTTO 3f*5^fST 3^1 C*lfa coire «pp TO ZFSTTO flatter 
fastoa tot ©w*r 5 $ i canter csfar sot Jtm 
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'ojrc.^k.ui^ i v9^ csHt^fora cs^sfw 

^3i*T mi vfitfrs src*fl^T3 s^smvs (Genetic 
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81 

82 

83 

84 

85 

88 

87 

88 

89 

90 

9t 

92 


z — 

fsar 11-8 

^rsfaSR-Caf'STTra ch*i^ i 


Relationship) $T3l Ufa $C?H $TFRT ^<1 3RT3OT$ $T3 

STW §CgHWT9tJ i 

c®srHa ^ wtora (11’3) ^wif 
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M« 

Th,* 

-M S 7 

h2“** 

RdTh 


221 
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hX^ 

•» 
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Tn M 
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ThA* 
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Th& 

— 

ThC 

-Th< 
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206 

Th<? 

r '^r 

r™! 











81 

62 

83 

64 

85 

86 

67 

86 

89 

90 

91 

94 


Z -* 

ffc* 11*9 

c«nf?rerra csr*fl i 
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®T' P PRI C | (Displacement Law) 5T31 i 

(11*8), (11’9) w (11.10) to STfto cantor cs*fl 
sptWvd scto i 3*n 53 3«rra=CT %tofrraR-cafe?iw 

( 31 §tafa?[T5T ), C<3T?33T3 43* ^IT^^tosf CS^t I ?5S^«13 
3W9f® f3to C*te3 ‘ 5 13SlT e I?3^ TOJ 1 (Z) *IT3 X-^ «fi©5[C«| 
^35 ^ 3 -TOH (A) ^ *m F-*W \ C3C5^ a-fa*to3 

^FtffT CSlfa^to Z ^ 43*3* 43* A ET3 43*3* •tow gPI 

*JT3, «F343 4^3i*f ?33fo 3T3to 4<P 43*?$ 

5T31 fsftifto 3531 5C3C5 I ^T3T3 fl-?33lfcl3 TOT 



61 82 83 84 85 86 87 8 8 8 9 90 91 92 

z -- 

f53J 11*10 
‘STTrefSfsrara csrc 5 } i 


CTfa^to A 3[*t?33f^5 81TPF, Z 43> 43*3* *fT3 I 

cjtsri (3-?33fa*jfa 4¥ 43*ft 'rfrofospit (Horizontal) 

votsfe 3131 toto 3531 5C3CS I 

C3 C3*H 43*fS csrcfa CTO, (Vertical) C3*(T3 &*TC3 

^3f^5 esrtB^jto *[331^33* WJ 1 (Z) >I3H ; Wflt (TT’ffa 5 ^ 
43s§ C*ta3 ?3f@w srT$WTC&I*f I &rT3:3 c lW*f (11’8) 
to RaA, RaC', RaF, (11*9) to ThA, Th C' 43* 
(1110) to Ac A, Ac C, 4W3 aCv5JCT3 v CTO Z = 84 53 i 
4*{fa 5CB§ CW^ Wttm ?3to <53“*t*3il 




26 ♦RPITq <3 CTOR ato 

RT&tora i rrts (11*8) to RaB, RaD, RaG, (119) 
tar ThB, ThD «w (11*10) to AcB, AcD, »apRf arrf& 
sjm (Z = 82) fato «u5wicfim i affera? editor erf 

’totw aato ^rir asra ***© >ri^ rf (Soddy) *tfa«R 
RT^71TCi>TCa<T Rto Rfaara *C?R I ftPTC *rf Csfcvft 
RT$pnd>ica* rioter (2'9 ^zm rfaj ) rf <£ft^rw 
ffSefaftr C5jter<T RT^ctoTa RlfWTCT *FC!TC i 

(11*8) to atfHs ^totoR-eatoiR erf «pp ^ U 238 
RitcaraSia cac^ i 4<r ^ 4*5 x 10 9 a*>R i 

to 4 to UI to ^ri tof*r^ r*i sms i U 238 Rfe*mtfra 
a-toito tot UX x ?ir^ cato Pareto s$ i ^a'frss 
cator A— 234 w Z -90 s$ ; r<tc ^ ^ Th 284 
RT^earefra i aiato ^ea wa ato^ea frffo saR rtir 
< flto UX c f f'Q?n seato i RTtwrcfrato R*feftoaTR 
241 to i UX x RTteaTto p-totoa a^a UX 2 w 
cato sfaTsto sa i »a$ eafafS sz& af^aea* Pa 234 (Z = 91) 
RTtOTTflha I 43 RtfsrfciRRi 118 fato I jl-totoR ¥C®T 
*af$ <&arato 3?r UII ^r*f eato, ai afxsaea* ^eatorcaa 
U 284 (Z = 92) Ritwraha i 43 R$sfto*w sm 25x10* 
a<R3 \ 4aaa arawara mm* a 4as (3 faatoa aa Racaca 
^nft cato RaG rf ^ i 4| cafafS af^are afaR RTlcaraha 
Pb 20e (Z = 82) i 

R^afasTca caifama erf $$ Th 232 (Z = 90) 
RT^OTrcfra eare i 4f$ a-faafa aRi aiarato sa; 43 
R^fsfto^M 50 ^ 1*39 xl0 10 4 ^r i 4^ erf caa s$ ThD 
*rf cato, ai to af^aw Pb 208 RT§carc$Ta i 

RjptftosR erf *$& sa ^tafaarcaa Rcaaaf s ?33*r 
R^OTTC^Ta U 23B cac* i *$£$ fcferto sms ca ar^to 
^totorca 4§: Riteare^ato R^aT^ 0*7% are \ 
a-to$rf®r RT^eaTC^Ta i ^ R^sftaTO^r 71 x 10 s 

I RW^ W RIT^tol-^rafsRR RW R^to 
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Sk^ur-Gteisi csf'ft 


c^faR dm 

l 

z 

A 

'£T3fa 




92 

238 

"JJ 2 8 8 

a, Y 

4-5 xio 9 n\m 


90 

234 

Th 234 

f, Y 

24-1 ffa 

^t^t^r-Xa 

91 

234 

Pa 234 

r>v 

l*18fifs|i> 

SferafaT5-Z 

91 

234 

p a 234m § 

r> y 

67 ^ 

$fcarf5St5-II 

92 

234 

U 234 

a. y 

2-5 x io 5 ^vnr 

^Tntfirafa 

90 

230 

Th 330 

a, y 

8 0 X 10 4 WBT 

flrf&[t5 

88 

226 

Ra 33(i 

a,Y 

1620 wra 

C5f^T*M5ftTO 

86 

222 

Rn 223 

o, Y 

3-82 ffa 

* CSfel'ft-A 

84 

218 

Po 21H 

a(> 99%), 
/r(0’04%) 

3-05 

C*fwft-B 

82 

214 

Pb 214 

r,y 

26 8 

^Jt^tfB^-218 

85 

218 

At 318 

a 

2C5C^S 

* C^f^t^-C 

83 

214 

Ei a14 

jT(>99%), 

o(0'04%) 

197 

<sffcst5-C' 

84 

214 

Po 214 

a 

1-64x10" 4 C5W# 

<s%to-c 

81 

210 

io 

IS ~,Y 

1-32 


82 

210 

T) 
cr 

13 

H 

C 

r» y 

19-6 W 

* csrf%5t^-E 

83 

210 

Bi 310 

a-(>99%), 

0(5x10-*%) 

5-o ffa 

af^?t5-F 

84 

210 

Po 210 

a, y 

138-3 ffa 

<H7Tkst5-206 

81 

206 

'P^bog 

r 

47 

C*f$?T5-G 

82 

206 

] 

Pb 20 ° 

— 

^tfr 


§ Pa a34m * UZ im Pa 23 *(UX 2 ) ^ 

qfcpiNW (17*21 s'fai) i 

<sk*[k5 C®sfbm\3 a m. p, # *lT*l£ 
551 w ®r§ toI? to w *rNT55-^*n$ 
(Branching Ratio) f^cift^To 5C5C5 i 






28 'Q <&m ata 


$$ i caHk to <?ita AcD ^ 
Pb aoT (Z = 82) i 


5}^?ffT cant?! mfc TO a-taT*!^ Z = 86 CstfTO 

snfe*na>T*r s?r i csrH$ *ttwi «nr*lhr 

'5R 5 5T?I STUFF I 4fl> 3f$lTOFl TOt frfpft 9UPT 

(Inert Gas) I arafa* *p\ 4<T •TRT§i*t ^TST^«1 TO?$®T l 

$fefa?TTST CSdfa CTO <£& ^ C c f<3?fl CataPT-^siIPTO 

(Radium Emanation; Em 22 2 ) i c^JT^TSf « 5nT4d$frr?TT5[ 
caret cto ism ^ *ramsr c^sre-^snOTJT 
(Thorium Emanation ; Em 220 ) w ^4^?irc-^TC«m 
(Actinium Emanation; Em 219 ) i *Rrctff *p\ <a$ ^UTCTOT 


ii*2 

c^T?^?rrsr caret 


re^farc csfPr 

z 

A 

«rffa 



c*rtf**ni 

90 

232 

Th 88! 

a, y 

1*39 X 10 10 WT* 

c*rt*fl «Tf*ro-i 

88 

228 

Ra 228 

r 

67 to* 

OTC*Tl «TfiRt»T-II 

89 

228 

Ac 228 

r, y 

6-13 *T*fcl 

c*tai-c<rtf^T*T 

90 

228 

Th 228 

a, y 

1-90 to* 

C^Tfirafa-X i 

88 

224 

Ra 224 

a, y 

3*64 f^sf 


86 

220 

Rn 22 ° 

a 

54’5 CW 

C«Tfortt-A 

84 

216 

Po 216 

a 

016 C3TC^S 

C<TffTO-B 

82 

212 

Pb 21B 

p~, y 

10'6^1 

* C'Wfom-C 

83 

212 

Bi 212 

0-(66-3%), 

o(337%) 

60‘5 ftfsdi 

rttfinmr-c 

84 

212 

Po 212 

a 

30 x 10~ 7 CTO*® 

arfftTO-C* 

81 

208 

"J'JS 0 8 

p~t y 

3*1 

rrf%^t5r-D 

82 

208 

Pb 208 


*Tft 



TOfaro 29 


*ltrt—11*3 
CS'ft 


cWsr ajtar 

z 

A 

i 

! 

i ta :w 

I 

i 

| 


92 

235 

JJ235 

a, Y 

7 1 x 10 8 ^VHT 


90 

231 

Th 281 

r,y 

25*6 ^1 

cdicfei-^ j wlSfSnsrm 

91 

231 

Pa 281 

a, Y 

3*43 x 10 4 TO 


89 

227 

Ac 227 

<T(98.8%), 

1 o(1.2%), y 

22-0 TO 

ciif^oil-'st ] i ^fDf^^tsr 

90 

227 

'J'JjS 2 7 

! a, Y 

18’2 ffa 

^Jt^fBftoi-K 

87 

223 

p r aas 

r. v 

21 

^Tt^fst^ranr-x ! 

88 

223 

Ra 2 28 

a, Y 

112 fa 


86 

219 

Rn 210 

a, Y 

3*92 FTCTO 

* «uppfBftoi-A 

j 

84 

215 

Po 215 

<.(>99%), 

/T(5xl0**%) 

P83x 10~ 8 CW« 


82 ; 

211 

Pb 211 

r, y 

361 

^JPliMfita-215 

85 1 

215 

At 215 

a 

10“ 4 CTO 

* WfafStatfil-C ! 

83 | 

211 

Bi 2U ’ 

1 

1 

JT( 0-32%) 
a(99.68%), v 

216 ftfsfc 

i «rrr^f5f^irm-c / 

84 

211 

Po 211 i 

a, Y 

0 52 Corf'S 


81 

207 

'pjaoT | 

F> Y 

4 79 fifai? 

^xl^'fSf^ipy-D 

82 

207 

JPb 207 

— 

^tfr 


^ctrssi $?r CTO (Radon; Rn) i sftsra, S^fo 

toft mro tot wtaft apmfa* fw c«iw *ra^«n» 
TO<rc tow ?nPfk ^ 5 ?m *??r asfa? *jprt fwilro 

^ iWWft* ta c^*r «R[?w?r i orafaw capita 

Way TOafa* <jw sara *m 4$ cssfaFS 

*nm Wfe $m *rataFTTO3 to Way *$ipt sfera i 
artatoTam spesra *rr <4<n ^ra% 

s’dsko ^51 eq& a-ftratoi to ^ c^W 5 ^ Wmpt^t 
(Active Deposits) ^raHrorara tffof, wm, wnfo 
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a3 &a3 afaa ot 43< 4^ 33 ^r cto* resrto 
f3fa3«i to' 5 sre c*f^n cw i toHT?n ^ 3531513 stf^rohr 
tor ^rre m cto *{3 ^333 a^3 i to 3T?t3pft6 
ansR C3 v£feK a 3&3T3 spa 5 ^ W«*y cm'k *ra*fo crf^sw 

^OTTCSw CTOF ^ C^to aiRSjto Wsr l 3T f rT3FFT6 

43* *v£t 4 $ Tmz^- 150 °(F &p*vs ^ 3 <Hto to 43 ajpfto 
a?fo awareT 1 ® ®it3 a5TT«i tor i *nwf®s #t&to3 sw to 
3T*[a3T5: arta ^Ttof csita cto* ^ 33 * 3531 53 1 

111,11'2 43< 113 ^ac3Tfs3?*rs c®s?to csrit toffo 
wfe fato csik^ra c®5f*ffa «rt*Rjs fafa33i 3^1 scats 1 

C3*ft3 ®TO C®5?to CSlt^ft 53 a-f^fa SW31 p-f^PR TO 
SiaTSfS® 53 1 ctiim CTO 43 3jfo?F5T C?31 3T3 I 4W3T 

C^f^STO ^ *iNi (Branches) Pf3l 3T3, a-*TT*n 43^ |3- *IT31 i 
«nfa 4PR a^su^to 4#i faff'd «i^aTvo a-f33i>t33 tot 
?R 3T3f3® 53 ; 3T^f^f 0-f3Sl>PT3 5T31 3iaT3?3\3 53 « 4§ 

^nre’jfaw 3®n 53 *tT3T3^-^ai5D (Branching Ratio) I 

§at3T?gi?3^ a:^i35f$ catel C-to srai facffa® cstoa cro 
(RaC, ThC 43" AcC) 4|aia c^sto^Ta “tT3i c*fai 3T3 i 
frfT53*R?lia ^^C3?33T3-C3?©3T3 CJSffe RaC 31 Bi 214 
(Z = 83) ctoa aaaT^fa 99% sjtaw caat cro M 33$H3 
5T31 RaC' 31 Po 214 (Z = 84) CSfk^T 3faTS?3® 53 i sraaaw 
0*01% CTO 4^1 a-f33^:33 5T31 RaC" 31 Tl 21 ° (Z = 81) 
caka 3tai3f3® 531 ThC (Bi 212 )66*3% cto P-fasfora 

5T3I ThC' (Po 212 ) catt®T 43S 337% CTO CX-?33i>C33 5T31 
ThC* (Tl 208 ) ester araT<??3® 53 1 


11.3 : 



i£)^3F 


f 3 to csitcTO c® 5 rfaFS®i atoa *F 3 i 53 afo crowfaaft® 

a?RT®[3 *RSJ1 afaSTa TO 1 aT3T3 e TsS 226 ®3-3<3Jl 3^ 

4^ 5H3 C3^3T3 ^T|C3TC^n:a3 (Ra 220 ) 3C3I 33^ ^3^ 4* 



C'>S'SrT*Q*?I'51 
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55FC^ S?f C 7 ^ ^R^nTC^ 5 C'®SSf*?F5'5Rr 

?sto m to ss i 4$ ^cro srrsj <?re?n scot ‘fsV 

(Curie) I <£& *rwnft «(<t *R? tjsto *ffasiT*( TO SCOT l 
fafesr *fasnc*ra *m ^ *m *(tto to ^ i <?jtoj 
^T 3tT?oqy st<ti f?fa snsi to f&F to 

scot s 

1 f sft = 3*70 x 10 ll> U^fa/c* c^C'Q 

CTO C^SrfapS CsfiCTO CTO COTC^ *TOT^ 

?K*[J1 $TO 2^3 ?KTO ^TSTT^T S?T, ^TSC*f TO S3 C*T ^ 
CTtCTO C'S'SffaFff'TO *TR SWS ^ I 

i£)^> f^k ^sa - ^tc*t<i ^ w 

-Plf^sjT 6 ! C^srf^SOTTC^ TO S3 W!FW fafafst 
(Millicurie) 43K ^ siT^ErTfift (Microcurie) i ^ 
7K«flT<r to sees ^To'csr 3*70 xlO 7 f^fo/cOTc« w 3*70 
x 10 4 ?<«ifa/cOTC'3 i 

^ <£<ft Rn 222 w U 238 

^i^ctojI^ gfihr nkro Ms to cot to s 

«i£nsS Rn 222 *n$C*nC$TC*Rr CTO ^ITTO t^TOT *ffa 

k Rn Nltn =1 f^= 3*70 x 10 10 Mfa/COTW 

4TO l Ru = 0*693 /t Rd sees Rn 222 srclcsTctos MnMsro? 
W x an sees 43 ^sft^JTTO I N Rn sees Rn 222 TOT^3 CST& 
3TC*m i cot^ x Rn =3*82 for, OT43 # 

A’, ln = 3 —2 *,l°~ X 3 82 X 24 x 3600 = 1'762 X10 1 * 

U duo 


Rn 22 2 StflcaTCtes *fkro sc^ 


m n = 1732 x 10 1 6 ><222 g.^g 
m R “ 6-025 X 10 s ” TOBFraw 
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« C**5¥ ^ 

ot«i btc*i 4 $ **if?fsiT«i Rn 222 m>ra siraTO $$ 


v Rn = 

U 


6*49xl0~ a x 22417 
222 


= 6*56 X10 4 src c>lfa 


886 


(To m<3?n m 

N 3‘70x 10 10 _3‘70xl0 10 
u " ‘ Xu 0*693 

X 4*5 X 10 1 ° X 365 X 24 X 3600 = 7 *336 X l6 2 7 . 
3^5^R U 288 5? 

7*336X10 27 X238 ' 


m u 


6*025 X10 


28 


= 2900 fTOrrsnsj 


11.9: £59%* ^5 

(At Random) srTC^ I (TO C'oBrfaFS *RTC«fa (TO *R|SIT«| 

forifr® to to r?t i cto fapra *Rrar«pr 
§*rc?r Un% toot <?# taHrocsRr toj w cto 
fatffo to ^rrc^ ; w to* farffc© to ms 1 

£R^aJ$1S *f<RT<3<T CTO 3T5J«TCS TOTSfJ I «R»IJ 3TT5l7sr^ ®TCS 
<?tTOI C*ta?l *RPn*fl(?ffRl «£1^$1 faff'd 

5M m$ ( TOtwi 11*3 h^i )« to cstafta fcrefa 

SPSC^S Q**fS fcf&l <KS I 

srftfG *RW1^ ts*ri>*T $[TOT, s©«ftfn W't'O 3T5HT 

*faTS *iwj n?Rl*pf fatfS® 5TO *iTOi®l (Probability) 
frtfs to to 1 j9T<i3i $rjhi toh^s fs^Sers mu 
cvfaffa airofa? <1 cefr® srto TO ?n 1 

cetera sipji jwer ^<tsjt*5?t croft »ift to jito i 

SIPT S^SI TO CS t 5TSRT C^T*T ^RP1T*1 fcfaflj'® *?1 

S[TO TO P(t) I &3F W C«W *55* TO TO« 

*TCE?RI TO1 *RWI*(f5?I 5TO *TOJ®1 Ws TOf d* JPBI- 

jfara sm?ra §*fs \ 
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5JCT ^S?fl TO <R ^ sfaTO<?r T i£w* 

dt< T ^ i **^5 ^5 ts^fTw T *rara<r toi <?r c*fr wt«( 
TO*^ farffr® TO v£J<T^ faqfcf 3 T9NJ®1 4W5 W I 3J®3TC 
dt *rc?ri toj *ra*n*(fifa tofora dt/T to i to»*w 

t cto t+dt sro-^fta toj ^ to* totoi 

1-dt/T TO I 3®<TR (t+dt) *m ^3 ^nRT^ft fasrffr® 5fl 
5TO *tsttoi to P (/) »w 1 -dt/T «£& gft ^sttor ^wcto 
?RR I C^g $k TOITOTCT P(t+dt) croi to, TOOT 
«fw?n *r£ 

P(t+ dt) = P(tXl-dt/T) 

CTOg dt *K*lJTte stf® f5 W-^tsn f^TTO *J<T1 TOC5, 
TOOT 0*[COT TO ftrw P(t + dt) 

(Function) c&T,TO CS^ a?nf<F© (Taylor Series 

Expansion) ^C«T nT^l TO 

rto+(%*=PW-PV% 

stow cfa 5K*orf$<r fw® ^l to (Power) 

*Fr^fro §cwi *sn toes i cto *n«in 

TO 


<£P_ _dt 
P ~ T 

tfft jpltwiw ^TOTO TO TO 

P(t)=Ae~ t,T 

A tos *itoto-sto i cro^ * = 0 toss tosit^ ftroaft 
forffto 3®?TTC £ = 0 5TOC?r OT +\ STO TOTO1 

P(t) = P(0)= 1 ^i ^rn ©TOSf ’PfaOT cto A -1 
*tT< 3 ?n TO I TOOT SfTOTl *fl$ 

P(#) = r OT 


3 


( 1116 ) 
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*RRT«[ <3 CTO^ 


(11*4) *rsftroi ^ufl- cro$ N 0 sto? 

*rrt*{s sTC^rr t ?m *rfs N asrcr^ IWfo snfa, 

&& jtost 5rc*rr *fOT 3 ?r ^ tor totcfoi 333 $ 

P(t)=N/N 0 = e~ M 

<£& 3flitTOlCT (11*16) *RtTOTO 5RW ^H 1 TO?T 3TTTO * 11 $ 

T=1A (11*17) 

Sft^TTO r »W K ?<Rfa-SfTOR 5TC«fI &TO 2 TTO 

^nfato *t**# tosifas Carer's storo to m i 
*rate<R (11*3) s^ircft t c*x$ t + dt 5f*ra<r toj 
TOJ1 ^ 

rfA 7 = - AM/f = - XN 0 e- Xt dt 

dt<^t, '5p®iR <3$ *nRT^ < ’J l f«R sffa'TTOT t TO C3C1> *TO I 
3JTOS *R *RRT3<T ^ Brta^W TO 

T - $ td ^ - " X fo^° g Midt 

~SdN _^j ”N oe -*di 1 

toRiRPm c*ik>§ *rsit*($(?«t?i faviSn ^pt«i 3 ^ 0 * 113 * 
“fn cto TO*fa srsra ^it n to, «apRr sftor- 

to’ swrifer era fac*re cro to*$ r$ i tow** 
(l) W ^efforTO (t), <re$rto ?TOto 5KPT Trtfn^ 4$ 
5 ft jrcqjft ^rsr^r era TO¥ er*ft TO*tf *$ i 

11.10: *(fWh(^Pf 

ItefTOR, wiftraro srf® *W eftor wsr ctora 
TOto to *rafan to <$$ *r® tosrsrc 

^Tt £ r *[PT CTO *TO, sptfTC ^fiSIR TO C«TC^ ^®ffR *[ltf 
(Solidify) TOta ^1 Ws to i **r&®8 fawre 
^nfcfCv© wr csitosu^R ^ to w? cto* to® to 
^to to a*rs <r sot Rtoto tocs to ^wto 
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(fliTO 3$^toTTO ^ ^sr 3X3 *fT£?r JTl I TO«I TOC 5 ! 
^ *rc cstoro srfsrar cto *f?TOt?r 

fawTOs cto *5tct *ttto c*fs *n i ^aps 

(Geologists) TOraa a<fhm tot faro toc$;t ot 
^?rc to %*i c^ (5 x 10 9 ) toto tot#s i $tto 
«PjfsF5 ^PSfSZFW?! 5RCT $$MfTOT ^i wftraTTO 

(11 *7) a f ffigfl f 2FRJ 3flWt4H*TW* *IWI TO Jiwfo ^ 

TO TO t 

Qj’TC?TT ; 3F CSlt^T^TO C^&'Srf’hiHrol *$ TO$T?T TOT 'sTCliJ 
tern ^iwtoRr fcwfo to fafa to<t brj toiTw a?fhn 

*Wfo TO 5SSC5 I 4S&TO ^«T SITTO TTCCTOT 4TO 

STC*TI i£)4ilj >mwi '5rTC*TT5*fl 4^4 I 

(11*7) s^chsot c^ cto cx W®sr cssrfer cs*ft?r 
*$& ^ t£}<js ifH srfSrfaTTO ^T* 9 ^ csjfa (TO U 838 , 
Th 832 *1 U 83S ) CTO, 'TO c*R S3 '4? *TO^ (Stable) 
3ftTO ( TO Pb 808 , Pb 208 *1 Pb 807 ) funi I 

sfa t^E^TOT CST'fhr TO tTOBRl TO TO, ^sTTO 
U 288 *Rrai*p eftoTv® (Successive) f^tor *m *tf<TCTO 
TO Pb 806 *f<raT®(?T I ^C#l?lK5^ CTO SRt^S 

5TO as cto <r®TO to a4s to sfr £ 3 ?r w 

^ snares afarora sn:*Ti snfavs A T Uo ’iw 

^cnt»r?ii a ( aro*{ Tsr®f <ca to 5*, ^>T4C°i ^wtsw# 
to s^to wqfar U 888 as*^ feaf^s ®ttto to toi 

N v =N Vo e~^ 

^®?TT\ srr^fss^ s^t^s as c«ic<f ss®ro to a*fa fatffc© 
U 888 *TTO«p TOl (iV Uo - iVu) mJ "\^5i ^ 3R<m 's6ra 
TOtosr TO ^af^v® Pb 8oe «TOTT«l TOJT* TOT TO I 

A r Pb = iV Uo -iV u =iV u (^-1) 



36 *f3ST*i « cs**B3* 9&s 

sstss 6 ! csipf sst^© ^sfscss s?rs nr«?n sts 

f=^ln^±^2 (1118) 

spiral <m fsrass m fore N Ph w N v Ms 

^C3 t 3*31 STS l *Nffore $IT3f3C33 3SS2FS Ufa 

3*3T3 SSS 3*31 SS CS SSl^re ^STSCSS SCSI U 288 

cscs Pb 2oe sn^csTcSm %m sifofo^ csrs sIsts 

$rfST3 ST3*re *fTC3 SI I ^T^l '5TT3'G 'S^STS ^31 5[S cs 
reSjfofS f3SSC33 S*C*I ^*fET slST3 SS©£t| SfTStoS SCSI CSCS* 
C9TC5, C3T3 3*T3C3 43*1^8 3^ SS?S SI 333*fS3* C3C3* Mfo 3CS 


3Tt3^—11*4 


^T^CSTfljTS 

C^'SffttFSvsTS 

Sl^fo 

-4 £i - 

^®ftsSSM (S^SS) 

b K*° 

E.C., 0, + 0- 

1‘3X 10 B 

b V B0 

E.C. 

4 XlO 14 

CO 

*> 
cr 

CD 

r 

6 x 10 10 

Jn 11 

p- 

6 XlO 1 * 

.La 1 

E.C., r 

10 11 

ssCe 1 

a 

5X10 1# 

oNd 1 

a 

5 xlO 15 

bSiti 1 

a 

1-3X10 11 

7lLU 1,C 

E.C., p- 

2*4 x 10 10 

Re 1 

1 B avc 

p- 

5 XlO 10 

Pilflg 
t 8 17 l ' 

a 

10 18 

88 Bi 208 

a 

2 XlO 18 


STS fs l v£$ ^H9|teT CST^t '©TCS S[fo*K?re 3C®T SC3 3*31 
STS I resfaps ^Tsfscss SSS MCSS SRI &1CS «lTC«il%^ 
**N-*tSifo’ 5T^ 3fT3 43* S3*T3 *f3Hl *l3ifo ®«f5lfo5 5JSC5, 
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5ro to 55 ♦ref®* i I$c5fa5i5 sffo oita cro 

fas^fo a-^f e FPT^f®T fafal5T5 5JT5 f55TC5 'ou«pfatTO 511*11 

5fovs 55 I Jrht TO 5C5 TO 515*$ *ffa5T«! fafaf5T5 *IJT5 

^ 55 I fafa'd *tfasn c l TOfaCTO 5C5J 4§m5 5?*$^ fafa*ll5 
^1JIC*l5 '5fT?T^»T afa^a ^C5 'tyl^faCTO 555 fa^fa 551 515 1 

§$C5fa5T5 <$5S C5T?55T5 ST^l TO<3 TO^ft Sjfo *ffa ®ft55 
anpfaF artwRr ^f®c55 to §?T5i c^rs t (11'4) wte 

45ft> ^T?§Rn faifarwr to 5C5ts1 <3^5 src:*a cw 

CTO 3|T^mte5 ( 551 K 40 ) CvsSffaFTO *tf 5J55T5 TO ^TOT 
faf^T ^5-TOfaCTO 555 fa*fa TO 5C5C5 I 

4TO TO! ; 5rT^:5TCto5 *pffa BffaTOCSRJ W5J 4OT5 

C^fa??T51 ^>Vl 55 C5 ^T5 ^f'&PI 5T’©5T'Q *{5 *RF 55 l 5Sp®8 
U, Th 51 Ac 5fa^5 fffa S?t55TO 5*5?T TO'G TOIRI 
C^erfaj=5 «fl$P!TCfa*r ^?55IC^ snfa'f'S 5F5 ’TO 1 <3ST3?1 TO*f»Tf5 
'o|W<? 5R ^3?1<H5 [oT 5® 9 B^ '5fT5 <3^ WPofa Sfspfvs^Rf c^«rT*o*JI 
^T$'C5fcSrcn5 TO TO1 ms, 551 H 3 (t=12‘4 5TO ), C 14 
(t = 5568 5TO), ^sirfa I faf (11‘4) 5T5®te 

Co#?F5 C5fal^55*55C5T5fa 55 1 *k CTOTO <?lfal^fal ^STTO 
355 H #wrc*t5 bri fa^fafa ^rrfa^t c5C5§; a^fes 5^ro 
ms 1 RWIOT H 8 , C 14 SFffo 55TTOfo^ 5faH5 5C5I 5^TO 
fafvSS’ BTO ^sfaTO ’TC5TC'® faf«?T ^T5t C5k»T5 CTO^fa 
5f5TTO5 TO ZFsrr^r© ^5?T 5C® 5TFF 1 

11.11: ^<#^15^5 *tf5*rt*f 

5T5T5«F58 55C55 5C5f C^5rfaF5 C5faf CTO a, |3 51 

TOI5ia fafa5C55 ^ToT5 gPT afa5T*( TO (11*6) 55*fa5OT 
5T5TC5I C\sS?faF5 <?ta5 3fa5rfa5TO afa5T*f 551 551 4^55 

fafastra fate? (Detector) <35* afasna^ 55iT5oft 5TO ww 
5fwf m=1T551 TO 5C5 I 45TC5 ^CHTOT5I C5 3f*J®rfa5- 
TO ^5 5fa TO *f5>FT5TO5 TOT, <555 5l TO^ 5*TO5 
w:m fas^ ?5 ?to55 'item cro gT5 -^5^^ 55 511 $$ 
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<3 cro* qfo afarer 

WlQ ^fRT ^TTOR I asffaT^fa OfiSSfaffl 

*fflc«fa TRjjsfc stffo fafa ??n *rra i afc 

<?TO« W* WS fas^vs a ^1 |3 ^f«ITO 
faar*M to » 4<t w *rc*m JV 4*rc 

J XT 

-ji sfoas to m i ssT?ra toItoi (11*3) c*n^ fanfa-s 5 ^ 
at 

(W w ot ww spWIroro (x) fa«fa to 5M i 
^ fair spfsrtoro*! ’T'to c^erfarei ’rofa <wb 

fapiTOCT ^(to^&fa^ *1^f'6C'0 ^fafh^lGl fa*fa 

TO1 I *i|[Wi (20 5) *|IMIM1 TO W I 



12 

*, ■itw-afii flow 

12.1: ^pr| 

c^sfta *ms^ cto ots fafan 

^ 1 ^ W a, P W V | i£)C®fiT 3J?Ha 3fipi 

(113) 'i|*^t.^C p f *RCTOT TOrilHI TO! TOW I SITSffsR spf 
a, p w Y Wtofht *tt#j stores fato nwrcsfa toj tort 
cWJ'oM ♦n^w cto croi tot (11*2 g^j) I 



C5N 3 ? WiS a, 0 « V sfcJTJ BWW I 

fra 12’1 

c&tw cro fflTOqqto ^ tort nuf^j «ran 
to i cs^R cto a Wviw vfimn ; p- 

fafTO 4 ! fTO TOR CT*H fagR TO I Y-fatoFEJ 

CTITOTR R I 2RRT fflTOFRI C&^F CTO3 

§tor? fe?n (121) to sptto tow i 5 *f&ss c^r cto?t 
fa?n cto s#rr to <?r a w P fato®i srwiroft 
^ £RRT #R1 l spRTO Y-^toC 4 ^ <RR TO1R r§ I P- 
fafTOlTO ^TTO a-WTOPRT TOR TO *ltol fagtfs CTO 
adhTCH CT (xRf®RT*(faT PR?*R1 TOR CTOt TO*t I 

Hfsl <*$ #m^ 5 T *rrr toirtoS Wtor 

TOR CTO I a?R^ 5JPT W«RIR RTO 
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'Q CTOF 

asnto ^ i *rc*m Z = 2 

A-4; ^©<tts ishtrt He 4 m\ toto ^<ri m i 

12. 2 : a-^to^ e/M 

?n f rT?n?Fn& i<w< sfo^FT (Rutherford and Robinson) 
to #r® *f<iHi?r ^rrcrc^n a-^i^to sjwr (e/M) 

tor i a-^tos to tow <4^ to?r to?rt 

^row siwj ‘*fto c i w^r ^ toto ^<n i 
Rn 222 ^CTicfirn ^ -fasnto *fwt ^ <3fa- 
^ «w to^ a-^to to *i<fM ^?n *n?r i S to 
c«rw a-^to?[fa ^t^tw G x G fl ^ >iw<it*i 

^T<n toil csrcfo swtof srewi sw*t to 

p 

}- 



a ~$faw e/M Wbh stto^pb* * afowCTfl *ratoi i 

fw 122 

( 12‘2 fcff fffal ) i C«6 TOJ SOT SWTC 

^n m \ cafc sra ms w*nfes (Slit) A «hct 
w 50 c^rfsr tow <£i^f& ms *rai wW® 

ctorsnto raS P «nw* i ^ tor si^pica *wi 

snrniw siwj swto i 

G x <£rk G s ctti ^ srwi cro to*r ac®? awro ^ 
^?n jw, 'ottot sffagre ewgft A w*nfc& ara to 

P ctorento csrcfo swjto siT*tto to 3*ro<n 

i 

«spr G x \w G a catos toj are? am *p?ire 
'SiW$ ^snsm^ ^rw© a-<tf*ir?p§ a<['6* "'o^^c^rora a'siw Saws 
si to* to to 5 to sra i caS siwito sis^t*? ^<j <r 
stto fop^s G x si G a cro cac^r 



TOFFl-stf*P ; TOJ¥1-<Tf*ir to»*T 
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TOlto ^ l <?T5RI (THjfa CStS *5H CTO 

TO *m ?n i cwfc tort wn msfRi fofo <ro tots 

5?*IT^ ?<f^ ssf^cros a^oTW sfafTORT (Parabolic) to 
srsro TO sra^ 9 ! cen:^ faaxs to A c?r*iTto to 
to to?t i 4<ro cnpto^fa *RTTO*n m to *m?r to P 
OT^rarto csrcfo ^T’tTvsvo <w to tot &?? cw&r 

^toto &to *i d jprw to ^toto 
^ ^ I '®fa^C i TO3 ^ *ff<T^ TO fa*f#5 to* sp^*f 
TO »£W$ f TO^I <F<H ^ 1 

X ^stocra* 2T5IW e STM* ^ M m ?\**m a-#TTO 
§n?r afs? ^ $$ Xe w to tot $& eras to? ^ t§t«i 

r_Xe 

T M 


sfa G t , G a (t j$ $ffor / w a-^«m?(to TO?s^ esa 
v ^r, toc^t (12 *2) to srcto a-^TO s^tost “fWfa? 
(Vertex) ACT CiHTta A *ffa *feTO?T SRT TOTSRhr 
3T5RT 5$ 




7[v5?TTC A C3*TT?§i5 C*TO* f*T$frH ^FTC®T ^jf^WTOnT ; 5T?'»s[C*T a-^f*t^l- 
CTOS §TO*T (Vertical Component) ss 


u = ft — 


Xs m ! 
M' 2v 


A CTO fsT^fso a-^to^T «Hto^ 1 TO 3rem to t r 
=Ljv *rro A <w P c*FTcfrarto esefa tojto L ^<t? stYszr 
TO &8* CW&T §*RT 33 l P OTft §*13 *fato 

fsgrf® ^ 

• ,_ ,_XeI L_XdL 

2Mv v 2Mv* 


(121) 



42 




(12*1) ’tftaTOa TOTWJ e/M rrh to i e/M 

TOT a-tfWT*[to ST«[?5l^ V erHl t^ITT I C^TSfSTJ fllThlCWvk 
OW ?rf^PH Cfcto CTO OHFto*[?TO fagjt® *faTOf TOST 4 

vfft tai ^ Pf SRI TOTO TOR TO (12'3) 

to awto tocs i $rai fof ato«i crrasr sjjtto toj 

5RP a n TfrTO TO TO#R TO CTO CSR I TOT Rn 222 
^ftwictoa fasnfcra TOT ^ estops* *ito atopr (Active 
Deposit) toi TO^ ato TO to (11*7 srsp^r g«foi) t 
lift TOto a-tof toTC^ TOTO <F?n S* I lift i]i*m aTO$s 
RaC' cto fso aaHi <F*n to i (12*3) to S 



a-^fosra «/Af w wsj ceto csrcro src*n ^fwqf»w 

TWf*f^ I C&t*^ 5 CWKRf f?^ 5 ^f^SC^Rl I 

fro 12*3 

sm a-^«ITO I f?TS^ TOTC3 A 

C**n?5S TO TO P CSntfrSTto ttfCfo §a* TOto S*» 
fRFTOT* ^=1C^| 2f^ H 0M<* C^»C5?f a«TC* a-^fWT^f^T 
tosc=r R <iPTT*f ?i*m to srem to A crrcto to ss 
*W SA 5RTTOTO §TO3 *1 to* to P C*FTC$T3Tto CtftfZ 

&»!$ 41$ fTO«0 TO I C5to C"RT TO 

SA ^TCITOTO faa<ffrs to TO liraft fTO^n 

toth to i c*cs* c^hr^F c^a® ^cto sir ss Hzv/c 

*[\s<TT\ ^TTOl fTOTo atf* 

Hzv Mv 2 
c ~ R 

mi] z/Mvc = 1/HR (12‘2) 
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3[T3FF1-#*P qSfaeft ; 

$TRR (12*4) far CFKft 2F5>Ui*IW 3TT C3 $$5TC*Rr vsJtO^ T^**f 
L C^HTF A 3Wjfa*[ir ^6 *E?T5 S 3$, SST^IST 

(2 R - s)s = (1/2)* 

TOl 2Rsl*~/4: (v s<2R) (12*3) 




d 


R 


* 


ic 

0 


fa 12‘4 


CTO? csfap c*rcr *ra$r *refar tai to, A c«rc? 

*RT« ot-^f«t^T^i<rj< (&9RT C^ffW ftRn 4W I *FC®T 

qfa P cTOforifa? csrcfor F fawfre 53 (12*4 

far fffaj), ^T5^r *n$ 

«* (2R-s-d)(s + d) = (1/2 + L)* 

«OT1 ‘2R(s + d)=^+lL + L‘ (124) 

„ t (v s + d<2R) 

’rate 6 ! (12*3) w (12*4) c«ipf ^fT'Q^n to 

m 

2 Rd = lL + L* 

Ufa R = L(l + L)/2d 

v?sm (12*2) «w »h«ip to 

■w—Hnfeu <12 ; 5> 
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*R15IT®1 'Q ahtRT 

*rctTOi (12*1) 'SftK (12*5) care arefa^faR rea v fa4sr to 
^tt?t i was (12*1) ^sfh^i v-$$ sir sta arefaro srcafare 
*»wr (e/M) fafa to m \ 

STOrei^ <£)S\ <rfWR a-sfaSTS Sfflcafare StfiffRS 5JR 

e/M = 4820 e. m. u. 

12.3 : a-#W^ 'STtotR <®3 

arefaw 35 a tot ^CffiT sjtsr e Af <jsre 

faiKaa TO SOT5R I sft ^t*IR E asfol «TO afiRTa 

to ^rr?r, §acs a*rs sircafaire «irtot sir care ®s M Ws 
to ass i 

STCTSreT^ «w afcarc (Rutherford and Geiger) resist 
arefaro «jtoh Ufa sc<r \ toi aasi^s »sstft> c^sfaiR aRtf 
care afo ctt$ TO^fer arefa^ fassfs 53 ssi afssrca 

^C?R I aCS VsMl {S'S* ^f'T^T^teT CTTIj ^Slh '5JRR S5*T ^C3T ^31 
TO3 I 43 care aM£ a-^PFl TO>1 ^T*fR 3$R TO 
TO 53 I 

‘NW afasiR resfaFS *fR$f WET afo M t^S^o arefaTO 
a^ail f*T*f3 3*3 to 5C*f ^reT^Mre 4^?£>3 *fST 4<tfl& S^S 

9T«R1 TO at3T®R I 3^5JR TO?T a, 0 STf?® W«T aTO SfT?5^3 
stfasi^fare SjfafrT\5®ire (Individually) fatfa (Detect) TO3 
srt RRR»a ^ ?to ^farfro 5 R 15 ( awa afsw s^i) i 
srerawitf 4S< *n$TO S*R ^sSIR *T3Pthr CW?f ftfw ( ^k>Oci 
area ) asHi TO3 \ST3i 4§ fec*n aaR®s asifo 
SPRRR ^C?R I qfoe as a^ifvs a-f^Dt*R a^s asjC53 

^ORH 3R ^Rpft f 59T, ^Q 'oTSl C3*f aft? ®TCS a1W3 TO® 

5 s ! I 

i£i3 a^?3r^ ZnS faa i£i^f& a<tra ^aR a-^»wi 

55 ^ ^a?r afea^ sffar Utftw to a«Ri to 

53 i X-3f*p it® ^5a?^ a-^m^fere ZnS a^ §a3 af®a®i 



'®tTC?r i wfr sfc^i store 

sjto a-fas*^ tfsefara s'tM *rci *ira ^ *pto ^twr 
toc? ^f®Tto to ctf^n *h?t i sfsi^ ^rsto a-^toi sfosre 
*PfT3 §*1EJ 3JT*fto OT ■¥ e T 5 $T?ft q*B5TR ‘fftto 5SRF* 

(Scintillation) $w TO i *r$T?fa §*ra 4TOTTO ^ 

oi-^Ffa^n ^rcsfare $nw, To*?it^ *pc«i 

«irfrT frofo@r «iw *ftf$piR ^ ^ i ^ifafrre 

otct fato a-^toi ‘tfto 5sre* *fT<n toti i faf 

«n?er^ >n^n ato 5 ® s^rlfo §*bt «p 
■5TOT?r §s?r faro ?n*n m sol to ato> ^Tsto 

a-=tf*m ^r ^ sFPSmt 'jftfspsr 5*re* ^rw WNfi wi 
TO* I <RrT?OT\& 'X&m va$f& ato^S *PtTS *{* *JwW 

sf® piww susto a-^faTO *rc*m sw^t tor 
(12 5 fra s^i) i *tf«r «<$ ^ S, rectos s'rtf e*iw 

«pp* 53 r, ^ sfo (TTCTO CoBfto^ S*?T< CTO* CSIT$ iV 
*twf cHp?«ran %$, ^tto S ottos ^ss at® c?tc:to 
^tsto a-^tore ?rc«m to 



om?ra a-*?*™ *°<m *rarfa i S to 
■fl 5 ^ a-®W, P SCEgf «fl^fi> 55R5 ^?n*PF 
*l*h M 50$ «ll$fi> WF 1 

fro 12*5 



46 *RI5lTg <3 <?F*H4 *fto 

§TO3 *#43*1 «W C®5?t*?Rl *FFT«f CTO a-4tol faSTO 6 !?! ^RI 

to?ii to 

N = ^pt (12 '6) 

f^#?r *wtf>©w> $T?n ^n^^n?r 4^4 $j5Tfa® j 1 ii 4 

(Geiger Counter) TO4 to to a-4faro 5K*lll to^ 
tor 1 4$ to (15 - 3) f«»ra<BiCT sitottri 4?n to i 
®rr?r»R 4c^r *f® ^ sito c^°i*si4^ 154 ^ 4itc$ttv 5 ^?r *\w 
^suVhr 5f?p *n\o<3 v94ti> Tny ^i^bia ^itto ^u<nt?r?r 
toj ^T?a® $itc4 1 ^srr*trc^?r sues ^T**^ <£i4t> *iT®3n ^ 5 - 

4«1t<P?f TO1 ^Ud^iTt'o SfRTeTRf f^®?! fTO C®5fto?f ‘ p t 5 fT*f to 3 ?® 
a-^fcf^T^fef 7f^J|^iC4^ SfC*fJ Stt3*T 4?IC® ‘ p tTC?T l 4ITC31T® 'Q '0|JIWI(.®4 

to arc 1000 c^rcsfa ws fro zm araffi 4<n 1 to ^41$ 

oh#wi toroa to&Ta ^ to to atorc 
to ®«h 4fa4Tft ^ «ircfe to to rtsr* 

»W W5T4 TO I i£$ SfTSR^eT SfTTO *rm®3 TO! 

^ «n?R 3?td TO I »£& TO ^T?R to#® 4^4 ^fTf ^ 

I TO! srWTCiR TOP *lPn v£14t> •¥ e t s $T# ^to^jftoCTO 3?fo> 
5?f 1 5wt?r ®T<iTi>C4 s^paT? (Quadrant) ^crosifsnjRT *iWi4 
tocji to*p? m*n 1 *5^iw to r ®rara toa to sfcrc 

tojpT *TtaJ4 'STRPT v5OT SOTa?®® ^?T ®a*T ^Ca4llfsn>TC?r?r fagJ® 
1 totocto f®ro af®t> a-^tom ^acro 
tcroSfatos #to toito toi toto® ,to 1 ^Is&a fapto 
»to toi to TOirawa to a-4faTO ^affrcro to tofa 4?n 

TO 1 TOTTOR 3OT ?[W *H54'51C4 GT41 SfRTTO W 

^TRMI CSIT4 C®sfe?r fe»r?T WT^n SfTTOT (12’6) JpItoOT 
jfT^rpn a?fto#5T c®5f1^F?r c**rc4 at® www 4 ^ 4 ^^ a- 
4to to® ^ ®i atoa 4?n ^rm 1 

to **** tot snropn^' »w wiro iw^its^ew 

^*tW 44?^ to 4*asT4l®l (Time Period) ^^^c®T4tts[$Ri 

(String Electrometer) ?pff TO o-^tow atoa 
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'SfPW C5*ft (Sensitive) TOTo ?§rf i 4 $ 
tel ?ST?^C$ 4? 5TSFT5 a-^fcr^T^ ^JT^T ^f5 *ff55T*f 

^C?R I 

‘ 9 tf^ s rr c i (C5fis5w) c®iw a-fas^®! ^t5 

*ff55T*f TO5 *fC5 5ffl<IWT\& i£)5< ^TT^^TRT *ffa?5Fs a-^I^l 

^rrts^o ot£ srraTPT?r ‘ p tT^srr c i tor i Siert 4$ 



§?;«Tf<r$ a-^fa^sr 
«iwh fa«fara srj i 

fw 126 

(12*6) to sreHs 5t5t5 i S 4^ *ro«hr *$fg *ra 
wo W«pd cstoR c^c^r <?rte ^tT^n stn^fsjtocvifl ^ 
TO ^f^ito to 55 i 43 tot a-fasTO^ afvo?^ (Recoil) 
*ra*n*[*(f»r S *rra ctof c^to *n*rc® m3 *n i to^© a-^to^r 
WW cwmv[ 4 ^ii> ^ m 5 *n srwn (Diaphragm) D *fT 3 
5 ra 4 ^§ -pffsen ^nr^tsjf^iw ms P ^$15^ cm>^ 

®*ra ^rr^if^o 55 i *r?ref to 3if sun 3T3i 43 ^ snm33 

*iwj «nre, *tto 5 fcrs^ cHFfaTORjs 3 T 33 t 3 tof 

*kto aT$ sott fafa* (Scattered) *\ 5re *ncsr i 

4§ mfaTO C3 C\55rf*?F3 *PrT*tf 3T35T3 TO 55 OT tfOT jS-^W 
I 4§ (3-^31^ 3Ttfs «TO>3 $mr 3fT*t?^5 

^ 5ff© *ITC3 CW 43$ §$E33 TOWJ (FT’jfaRS 5 TO 55 I 
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<3 otw afo afara 


P ca> attorn «« <r aa (8-shf > 

fassfS 5?, S\$ TO fagF® 5C5 P csrcfof &TO§: 

fTOT nSTCPT I 

stcsto caSffo t\v$& faW 

*RE?m s^i a-^toT^k *nto stcto <? atoa ^mi 
5H i ^ D smj8$ro c^fl^oT ^?r a-^?r cac^ i£m 

r x <©TTO P afo C^tTO TO[jfb© ^TTOS ato 6 ! TO 

n _ N c 
q Air* S ' fi 


y£mn N to few care at® (rcto fag^ a-^tom s^an 
<£W e to afoft a-^tom ^tt^r i §at<m ^sftoa care 
a?s?n to 



(12-7) 


smtoa (12*6) care toto A 7 ia?r sir (12‘7) *ratore 
a*rrre e ^?n to i 3T*tmreT\§ aT^am a-^tom ^naicft? sir 
9'3X 10 _1 ° e.s.u. Ms tor i 

are re?(TO (Regener) carwiMm fcw TO TO e = 9'58 
xlO -10 e.s.u. -sir i ’t5)ro zpfMfam e 43 ^ sir 
^ refots strtto am Mf«i« re*(TO afsto e ^?r sir 
TO qro (12‘2) «j^w ars e/M ^ str care oHFtom ^ 
aresi to 

A/ = 6‘62 X 10 ~ 24 SIR 

sftcsiwR assn*[3 ^res (l*67xl0~ fl4 sts ) am 

to^i i 

^s*8K ®nsmi i*ft facies feas^® ^c'a arfs ca <x-a i f c ta , T*{T®is 
assnato ^ Tutoress wif^? tor to w 4?n ^ Icroftls 
liJ^F *RRFF 'STTTO TO TO I v£j^ ^ fesra&fts ^TTO 

SFaS *RRRS t^tom ®U?R (He ++ ) CTO* I 
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top*f 

12.4 : a-^PhTsT fafoRT WW 

c*t ^ $C5Wfcft?T ^rr^TPTTOjt f^toR ^f^fT«(^ 

WST^ $TT?R C3T *T*Pi fasTOf^ ?7TT<T ®RJ <TTWTTOFT# <3*T\ 
(Rutherford and Royds) ^oja m& tol ^va 
(Spectroscopic) tor i 

(12'7) to *i<fhn m'pfe ^c?iC5 i A 505 
^ *\V$vn #TC5<T JT«T, *TRT TOTJ fof C<T^T (Rn 222 ) 9|JPT 



fwr 127 

a-^1 ^ra fasfarSf SRI <IlTOWi5 d 

^T'vsTfav!) *RlVl ‘T5<F§1 I 

to 3T*n ssi Rn 222 ?4*nto tot a-^to 

5fS^ A #T5TORT ‘'TToSTI 9TO C^f TO Ws ?[ff3 “TO I A srota 
srcwt^ *[?f B #T&=TC5T?r toj c<rt*r sw ’fto (Seal) to 
*f<ti i B ®*ffsrerPRT swot >i\m C r®t 

(Capillary Tube) *fta ?F?n *nw i C *T*r1S?r tot ^ 

P iiw Q *for to *p?th stop ?rcso P w Q 4<r toj 

^TSTo ?4^4 3E«? SOT^T *31 5TT?r I B TORT *TWT D aT^C^RT 
»KPT *K^BF iT4RT TORT 3TT3OT aRT?*$-*fTKRT <?TNTC*TR «TTC*, 

ms && *TOnfl nraWw ?n snto B tort tosTw 

*TRIW4 '®5T ^b^TSRo ^fl-TOTl *?TR 3T3 I 


4 
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*f<raT<3 'Q cr^to a&r afR&R 

aR>ro A w C r*t ^ to arc*aR rotrt rt^ &Ta 
*{R ?RR R*R1 3R I CR^R aiTR «W a-RsfaRR^R A ROT 

ar^Ri to to B rot RfstfrcR acR*r to i B rot #t& 

WHS TO CTO §ot£r TOS TO ^TRR^R W«RIR aRRT^tf© 

R^arafR^ sr i to aRRi*fl[?5T B rot rt^jrj 5 $tcr 

rjt$ TO ac$ i tor^r rjrtr ^ B ri?i rcr«£ 'ptf^snq 

fcforaTR ritr sr i <srr totrISr sir’str ots/r 
ST® vSTitel-RTTsO B RC«TR aTRCHR ^5«T 5?aCRR f^rCR* 'S&TR JjR, RICo vjj'G* 
RC<R f^fffmTR ^ITR TOTO *Rf?Fs TO C fo?*fR* ROT TO 

TORi TO *TO I 

«a?roi C rot s^rtr to ^5 Tr^r aOT sot to 

tft’f^RTR CRTR 56 ! ^a^ - ^R1 ^R I iSSt CRT^®1 CRCR> fR"3J\s ^1C«1T¥ 
4R^ R^TsfalTa? TOR (Spectrometer) RT^TCRT TrOTR TO CR RR 
Riston aTGRl RTR C^faR ^RSffoft RTRTRq f^RTR ctfOT 
CRRTR ^3R3fMj CTO srfeSf I 4R CTO RT*rTROT§ 4RS RRv5*J 
51^ STO aRT«1 TOR CR a-RsfaRR^faT ^ 4R«F SfTRTRRTst 
RROT* f^faRTR SRRR 5Tv51 TO fo|£ RR I aRR^f *{PT RRR aRRT^- 
C¥TO RTO fRWFforR RTRRl TO'Q ^f'S 5R, ^RR CRTRH RTR i£$ 
TOR9(f»T a^^TO W«ram aRRT^R C^TO I 

12.5: a-^R^tR CR^t ft«fa 

|?\5*£^ R*R1 TOE5 a-RtfRRT^fa C^Sf^R *WT«f CTO 

v5ffe §G& CRPf fRS^s 5R I a-^fWR CRR C&faR* R*MOT 
(Magnetic Spectrograph) rw rot rrtcri a?RRTa rtr i 
CR iCfRfR (Rosenblum) ^gtfR'5 ^ TO 4Rsff> *[R ^ 
S5TCRR §aCR af^a C^SffaFR a*rT«f CTO fassfa a-Rsfet^T^r 
i£)Rsft> CRRlf^CEfR f^^sR ttfCR Rf*If9[0^R 'SfTRRCR aTR ^CR ^ICR I 
Rfanjc^ 5R®iacaR srforo ^ C5^ pfcbr aTO 
a-^«m^5T ^OTTR aca afRSR 6 ! TO I &RR CTO W^s 3*a 
afRTO ^raRT?ft (Divergent) RRCRa R*a^ a-R^RST^r 
^^f^5TR s TR aR '5ff'52FR R ! RTR aR <flRs1§ CR* IC^rSfTtR’^ CW$R ^aCR 



5neT*Fl-<T?“H<T faro 
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C¥I<mT*{vs I 3R$ TO?§ i£1^1l> 

fa? ^p'tst $fR^ $rr*frc<ra toj to! 5 ^ «nt^ i tojs 

<*m tosfTOft (13.3) (3-<tf*g ^Ntaw 

*nm *\ i 

a-^?«wT^fTO c^ ?rfff ss v w stprt ^fassra *tcsr<f ^iptt^ 
^?f Y, 'ST^Cfff C5t$^ C^SSf 4<K '5T‘ p fC^f 5 g^ <C®13 >f5j\sl CTO* 

<mm *rr^ 

Hev/c = Mv 2 /r 

^s<lK v = Her/Mc (12'8) 

*i*ite?i*i (12*8) ontora c*rc Ms ^ to i 
«IC«W^'C5RT *[<tHt?T 3f?F C5fas* CTOS TO *{S to ?5«T ( STS 36,000 
5tf<3S ) I TO SMTOFK§ «W to ’HSCTRffa'T OrRGfa* 
(Detector) f^nw OFltoTfcF* CSC$S STOT *>IT?TO w (Ioniza¬ 
tion Chamber) SJS^TS TO totcsj f#5!T 

C^rM?r rn\< CTO* a-^lTO OT Ms TO*T I SSS^f 

*pr too ssfis cstw stoftro toss ^ttsjcsi «icto* *[s 
*tf^«Tcs f^f^sr cvs®?faFS sM cto Mfo a-^faTO cs*t sMts 
to?t i 

«n£ *rs® sfsro cto* fasfafcra st^ssi to i cs*fk 
<»n aT^?\5^ resrMs sM cto* a-<i>faTO ctots srrai 

10® C^/CSCTOSS si^ 55 i to 3* cstcro CTO CTFTCfrSTftp^ 
cscfrs tos srra" a-cs’si ^tTOfn ^n?r; ^ito ^Jt^rs cw faM* 
^T$OTCSr*f CTO Ui^5 a-^toT^t m TOS*! w»i% ^ I C3*R 
CSR CTO sn^RTcMf CTO* 4 ^tM* 3*TTO*T?5 *mT^» «MfW 
(Discrete) a-cs*n ' 5 TT'Q?n TO i ^ito ‘flt’R CTO fafad 
^pncSrs cto* fcrs^s a-^wr*jto tot ^ si 'srerfss* ws^r 
*p*w a-*pg c*r*n to i sM§ ^pss «r vfa *ts a-ssfasss cs*r 

5TTO 5$ I 9^55 CTO v£|£ CTPRT TO 5?f I CTO^ 

C^C^RT ^5TO gf^ICTO? Cflto a-^STO^ 

3H$CTO>r*r c^ t^s^o 5R® a-^f«fTO ^to i Yfto 



52 « c*fto a&r af?ro 

cro faW ^fT^rn^T’f cto fag^vg a-^ce§3 afoafa? 
f w* ssi 

f^s^s a-^?«m*[?TO E k = Mv*/% taa 6 ! ?rc 51 <?t«n 

to C3 i£i| tutors 5 cto 10 (10 6 ) tcrosfa- 

cro&i ( U-k-cs\ ) sr® i 

12*6 : «tfe 

'i 

farfars a-fagTO^ c^to aiTO^s to*to sro i 
^rc *£»?r awftw v»roa «pn i ^ 

3N?5J3> ^ S35J (Final) <5TOa jpsjh 5C3 l 

a-ksrfora cto ^ ^m\ tis^ csjtS <5TO5T *jfn §%<o i 
5FC5T a-^f'BPlU^l faW «TO I ?[\3<JT\ 

^3 faM ^nafli'Q aro i ott arcs ^cto 
^»TO a toTto ^ ^ to ? ^ aras §^3 aTTO to 
a-f3sa3C«T3 as (Residual) CTO^S af<s ?TO&fn TO 

TO I <»TOa TO^PI TO£\S SOT f*TS^o a-^fctTO afes faasfe fsrw 
$k <5f3?*T*£ CTO^ffo afec^a vffrs (Recoil Motion) 

sn^i soTSfir i ^ at^c^cas ^sn *3^$? iss fo|$i aftsafc? 
tocs i v£i^ *[^3 arsTO TOsaas fas^xs a-^faTO afoafer 
<?*TTO TO 5$ f TOC] CTO3TO <53 a-^?3TO <53 

^rca^i c3*ft ^ i 

"Ffczi C^T^a-S ?3SfcT3 TOf fc$a!T CSIT$ frfS3f$ a-^frm 
W CTOCTO afeafel 3Sffaj3 TOR TO I <53C3a <43S 

^“S’ro *[3 *ffihi toipij otS f3s$3 *tfs* fea«i to to i 

TO TO cs A <53-a<an (Mass Number) w Z asrofa 5 ? 
y\tm (Atomic Number) a*a^ ^1$ C^TO (X) CTO cHd'TO 
’foFS* S'GTO ^ toW Y ^ ss i <s^ 

*X^_ 2 Y^ + 8 He 4 

Sfa CTOC^?f <53 <3 ^ ?;3 3TOW 

M a> M x &H\ V a , V ± , ^3C3^t 7$ CTO aTTO TO 

M a v a — M x v x 



Q ^rfff ^TT a-T^r^f-*ife (Disintegration Energy) 

cswi m 

e=w a ^+WA a 

_ 1 ]\/f «. 2 , 1 Mg rr/ '1 

~ WcVa + g 

aerf^r £* = \M a v* 33 a-tfrosr v\3!ft ^m\ 

nft 

y M x ■ 

^>3 w a-*f«reT3 aiwsr <5?r-*rc«irra (Mass 
Number) ara w ss, *mr 

M^A - 4 «*w M #=4 ; 

Q=zh; E ‘ < 12 ' 9) 

c*ns:$ *nfhro E a fagf*w ^rr?r, ^ritarcra (129) 

c«rc^ a-frofa*rfs? Q ^l *m \ wpfre: Q>E a ^ i 

resfaFS chares a-faifo ! m 

C«ifPP wm ipw*j< i ijrararaiT (Nuclear Trans¬ 
formation) 5FC«T CT "if^y $$ OT ?R*freC3 

^\*t sroraft (w^ ^ i ^ 5R c^g^<j w 

Wqfe (E = mc*) sqspmit ?&*tTS?sn5 

33 (8*26 5^1) i c$vs c*r fa*pT ^^T«l “ffo 

fas^fs 5?r, v5T<r 55T i f^r^*fbr ot?t 

«iwf ®rc*r »rf^5 ?iraw??r5 5 ?r i Sflsf a-fwfcr *rfc ? 1 

*9f&5: a-faifo to* *r*R t^sn^r^tcT <&*bcw a-^ftran 

W «rW C<P*5C^?r (RT$ S53T ^cw «fiw 3£S ; sptfrc to 

M > M a +M x 33 i *foy* *iw <h£ ^Pltoc'Rr 



54 'Q c^« 5^ Sf&T 

(Inequality) WJT^feET 5[3<T*F«T W c 2 v£i?r 

s 

Q = (M- Af. - MJc 2 (1210) 

*5T?ft *f<rcT^5p<T ©?r ©sMpfarw tort *iT5jwJ 

TffoTOTC fei^ TO ^TRT ( W H®faj ) I C'tfSffer 

cstaspa cto ^?ns ^nror®: OTTsfi ?m i a-fotm* 

cetera CTO a-fcrefa Ms? Msram to ( 1210 ) ^TRI 

*fWffe TO 1 

12.7: 

^?s*js3 TO 5SSC5 (S *pT fafe 

*FtTcM to c*nfe (Absorbed) 5js *mi i *u^n tow, ^ 

'^nrsen *rF<§3 srffo c^ 5 ? a-^f't^T'jjfo^ faff's 

ms, to^f Mi tow ti ms vm c«*f to c^ 

ms ;n i ^T'®TC 5 f?r sx*n fe?re fcw cto* to^ <tiK- 

fere Mrs 5si«i 5js<rre ms, vsm ^T<n ^tc^ 

STfer c^c^t i ^s fei to <?r*n ctos ct fafe 

®v 

3T«rfe *tfe a-^ c m^f^ fafspd cro *mfa *k<] cw 
is^Si *fttasr ^ Ms Msssrc tots ms i to ^ 

‘*mtsn’ (Range) i <1 soro ^wrcM sjwj 

‘wrta sir to sin stc^i *rm?i«Fcs a-^faro *rc*fbn 

c^*ft ^?r, to*i m 3 ^ to i mRk *pttcM 

CTO Cl-^TO ''iMfal 9tnw^ 5T*f i£W §*PTO §TO TO I 

6T*f im 3=r<cn witai to s $; toct wfare ^r 

*u?r i 

cto fafe ^ ™ a-^faTO *ra*fon fes to 

(^9f <n srfefc??! §*f?f I CT$SRJ Jlfop^TW a-^?«fTO 
wfan ^ptot ^Tpm aT«ftsr^ ^i srfefc? *nm] m i 

a-^TTO M^TT'^f TO?I TOT^f ^^5 «fTC5 I 5JT5T 

(W. H. Bragg) W$?T mn a-^f^i ^itto vkvz 
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tosna qjm aaafai to ^c<h i to aiws astei 

(12*8) to SPfto 1 


A | ,8 



fra 12‘8 

CT^faTO ^«(7ft5n faeftM Sf^n 1 

S ow$ frrs^ a-atoT?[fa ?fto ato fsa 
are 5BT aRTsto (Collimated) 53 1 aRT3to a-atop>5 
'$m<T TOM>lT* ^afTO aRlWTffT ^IWlfrl A i£)3“ B i£ia 
tot acw 1 *ai scare ct ato^to 

anare ^?RT?r wsi «fTC5 1 ancaa sr«n to atera <pi^i 

a-^to^f«T aircas *BPn*(S|feRr a*Ca S3m aSRTo SfT-gf SS 1 
aCTOSTa aWS^TCa *lto g*aTC*T a^RT^tos 

SSflto'S l WT a^RT^fa 'Sfl^fsTo S3 <i!R* <3 *JMN4 

&68 a*PT<T «TT?H ^ 5?r I a-<!>to?{to afaSRR aCR<J R^5 v^TOT 
f^pr jiw tot-^i»t $w 5 $ \ rwj cn 3 ^ sit?r 
srasiTfa si*n^f tot ^1 ca^fa «rc«a a^?? 
aWPRT aTOT OTBflf^to to TO'$ ^ 1 qRRFP ^TTR^fa RTS 
aiarw ®rrf^?r fro w <mre snaa^ sRjffa to* TO 8 ** 

S3 I TOT TO®fTf*T ^ *nwi m\>\ SfT?RR 2RTS Jffr S3 I 
«! TOR OTTS ^5TTOf5P*|to *OT a*f?? 3F33 aTSTCRT 

atoa ^n S3 i 3TT«jT^«r^s ®rT?*i^to rwj tor acOT3 sirei ^aa 

3T31 - S3 £3 TOR a«TSWTfil *i*f& S3 I 5T*fa ®rT?c^to 5TC*a 
fcsa?T as to 3 ^ ^ tort §a 3 vsca as? i *a*^s 

^ R**^? TOR a3TCS3 RR A i£RK B 43 RWJ a-aftwi 3^ 
^asr snroareBr a^ana, «rto torr *prto RRi^arto ^?r i 

ana ^rt aaHra ^ramfer siwreia awn ^afaato caca 
ca $to a^a S cac^ fato ^raarto ^ca tot? 
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TOJR SPITS TOR I SsT3*T<T ftsfa WJR5T SRIS 

W CTO A W B SrTfef ^ 5[TO?T C^to TO=T TOR l 
faW arcfa^ 5 t«i^ a-^f«iTO ctoi arro sits «£&£! 

TOW C^NtaS fat|*R (12*9) to SPrto OTS I 



giro ^ 5 ^ aig «n?r^ crwfscra i 

(12’9) faff CTO cm TO OT CTO ^ *[W 5CBf TO a- 
^f*PFT?r to^w vs^ ffa to i sto ^ to w 

-ncsr «rcwfv5 ef® «ro i to^h ^ssr 

str srra s?r * '5 tt?w»t **j»w\5i ^ b*^ spt *thj 

«w atoiw s cto va^i faW <aa to *£n to to i 
is$ faW a-^troqto ‘witav i 

(12'9) fre CTO <?t*n TO CT 3JTTOT 2RTR?r TO foij 
cto to wi to<r ?to cto 4 C>t to tor fa? *ro cw- 
fanffi sr**! afaro ^ss ^sroto 

‘aspffal TOgjfoR (Straggling of Range) brj i «sfepr a*iprfal 
TO^jfo siSto to 6 ! to§ c^ fafa«£ aT«rfa? nrf^* 7p^ <a?ft a-?fa?i 
cto fafa«d *f*r <p t?^s^ c i *rtc <3 to csit$ TO^fa 
TO TOtf v»i TOroi-sp (Law of Probability) TO1 
s?r i aiafa? *ifa? *p*ns W«cr a-?faTO cto wm 
sr?*t *ftocci teas s?r i *rfa Wif«$ *w srtoR ^us a-?fa?H{?9T 
TO n to *wre to TO, vsiro tos a-?? 6 !?! ?$? aTtf 
s^<i ot ^T^ssn str sts Vn 5?r i 'sttoi 

m\ ^ ozus a-^^n ot *to to ( ot 




/ 


/ 

/ 




TBf. 12-10 

^T-g a -*Pf®Wl a^ c tg r .^ ^TTCSTrefSff I 

( C^ff35f ^fapstf^fl? C*m ^t*ft^Wt^i, 

'Q •ilf^T 5 ! Radiations from Radioactive 

Substances ap? C®ft^ «ft v 9 > 
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srTspin-ahnr ; to?a 

35 $-cs\) st-g fato totcsttcto w af?ro *ja^ sa i ^ jr 
tow care <?r a$is ^rr^T?r aw sTt^m tost “tfo 

^Tto CTOT S51 TTOR ^T?ff *Tfe fates* Ct-^f«lTO CTO ^«a 

afasnw to s$ i witai ampto afaro am *tsro «*w care 
5^ <sra i to?tc csratos &5sa care am ai\?i <?m 
TOl reatffo ‘stfs-ato&T facts' (Point of Inflection) srcto 
*a*fr c?r*n (Tangent) X-^*ro ca fa*jts C5*f to cal: 

*£TO3 ca srr^r areai =qT?r srrel ^amass ‘anro- 

af^js aaatav (Ionization Extrapolated Range) m 5?r i 

^larre &c&areiaj ca arefa^ A <sa\ B at*n 

as5jfat SITSR^RT TO <7l| ^atfre aftf »flOT TOITO TOTO 

to «t*t ^mi to ^otot a-^f«r^i ‘TORa to’ (Specific 

Ionization) aTG?n to i ’a'fcss $1 ‘to^h to’ care 
arefrei ^tfsSFTS t {3CW &a3 TOJ I RaC Care 
aretom ctoj (-E a = 7*68 fa-l-csi ) to 

am 60,000 mw spra/c^fa i 

(12*9) foa care real to re crop arefaTO *trm to ^ 
am, ^Ftro^fTO shtpr too ^ ^ am i to«i ^Fto^far 
toss to aiTTm arer to srepm to aTre 'to| stcw afsafr? to 
cat^ aire, wm reaG <ws arre \ ^rta^i^s a^ats 
ch^to^e anro aTO^’fro atotS ftfm to $toito 
to i tot ca*jfa a<mT«(t¥ to?to ^to real *[reTa am i 
<a| ^rac 6 ^ ^asr^fra a*R *sTt f f?r apm am c*m afam §ato 
^ sc*m sTt^m toto tog ^\pf \ 

a-^f«TfT^a a«mhn toac^i^ ^t^'Q toit^ti a^ts ms. i 
(15*2) sispro ^5TTO csm-^t^a (Wilson Cloud 

Chamber) ww unpra sfc*n a-^fa^r^TO acsi^^ 5^«i- 
ac«m (Track) ^rTwr^rtw srca ^ to i (12*10) to ^afeira 
^1$ TOC®TT^?&2r C'fTO i ^ to ail i! ^Ts sTrn (Indivi¬ 
dually) fafasr a-^f«iTO ssraaa cwai to i >mTOai ew«i- 
aa^TO atsi^^ brt] am tot i Mi atoa to 
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q-^m^sRi ^t«pfhn (Range) *rr>G?n *rra i (1210) fra c«n:^ 
3**I*$3iC*f ST^RR C*T aTSlfa^ “tfg* 5^^ 

witai aw w ^?f i fra csibf a-^fTO^farcr wttai siHpfra 
(Straggling of Range) for-foa C*f*n ^w I 4*(TR fcnWOTTOJ 
c*r (1210) fra a-*fcmsjfra ThC cg^ ThC 

csfowaw f*TB®i i (Tf'SRT fra ^ fafos- *i*pfon a-^p^f 
fopfa ‘ 5> fT'Q?n *M i 

'Q (Geiger and Nuttal) w srewCTO&r 5 $ 
srj 4 ? afife® *ro*ihn afosua ?raR 1 B 43 ^ 

C’TWTftfo (Spherical) #rcra (Bulb) sir ffo C^S 5 ^ 

*iwf 15 *Tra *rw?r §*ra a4w s <*nre ( 1211 fra 5 ^ 1)1 

foscw to ran* acrar to 5 , tos a-fcw ^ 



far 1211 

a-^foFT3 *mhn fal‘G?<I BRJ W$HTCI 'Q Wlto<I *firNl 1 E 3t«e 
^cs^Sfafar ; C szm B ^m^cm fwsma 3^*11 

«re*n &s fora asra aairo ?rai *m 1 *T*p* fe«raw 
CTn fo?rfons *ra 1 S c«k;<f fosfo a-^fo^fa 
4Pjw* mra to b r >rcs *n?r*[*p[ fcw to* <R^foi fora areaw 
aras *r»iw* fora fctra ?pnr<r acrai *1 ^tra «nra 
> oii^ o o ^c* ^fW'R a<T2f 1 ^ ®it?r*t a<w ^R[cra 

ran* a mm *\w\ *\v$e Sjztifa tew *tttoj afosrca ^?n \ 
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; srTspi-aH fawa 

aT*pa fe®aa?a m 5Ta afaatoa a^a TOfH 2RT5 
ataatoa csrafrer (1212) to er?to to i csrat&zr csp 
GTai aTa <R S^OTCa ^T?R^ saT? IFW sfT^ 1 4atf§ taW 
ETa (Critical Pressure) /> 0 wpi srca suaaa saTS 

£Ta cat® «11W I faW asatf STCa a-^WTsjto wflsn aT*pa 



fra 12*12 

« 'Tti>m grg hc*ri skc* 

^TUT'R 2RT? ‘ s lT3 < ?'iV , M C®WfW I 

anaida aan sa i ^a *m ascs& caran aia i ^sa &rca aaa 
a-astaasT^to aaafai ai*pa anart ^n:wi a*a arca*. to ^rera 
aw cai£ a^tsr $rraa*[a®T a?»?n asa ^a aa?[ta^ ^Tai aiawa 

?<5\5taa m atai §sa?i ata i vai sra’sra *anua^ sra gTa tow© 
^asr $naa a<an srataato arca* ; tot «iito ots© ^rataato 
m$ i to maa sia at? aforca ^aa a^ai sa ca a-#ro 
aaafcn aT*pa ajTatf ^rca^i ?H^a sa, afrraT*(faa saaacaa 

srw am aracaa acai ^tor$ sea \ §aa?r stor a*an 
*£faa*an a*a sa i ^mK faasa Bica ^naaa aais a*are i 
Sata af4® airfare aT*pa toaaaa taW ata^ srca a-a*i*ma 
aaatai areai ara i cropg aaataia an aircaa srcaa aisT^aTto 
(7? « l /p) t «no^a aaT«i aT^a^sfta &rca a-a^nara aaatai >Rs;wft 
*Ma *ai aia i araiaa^s 76 cata srca ^as 15° ca §a*$Ta ta^ 
ar^s a-afaaaa aaakia aiawl aai«i aaaki (Standard 
Range) fcarca aai sa i 
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*w*fbn *iTdiirc*fw , *iifj i£i^^ ?4<f>c*i ^i^rtvs csfc^ 

*[to on^faro ?rc*m frr«t?r i srcfs^ *fR? *raraf<T^ 
(Collimated) a-^c^ CTO 5 WTO 3 C“R *rbn a-^f«iTO 
*K«m crrc^ ^T<ra *t*fi to *rrai 

(1213) ?TO <|TO<T 5TCSf a-^tTO $$$ i*f C«T*tf5ff 

c?^rR tote i 4V$ ^ to c*pfe’ (Integral 

Range Curve) i screes (Holloway and 

Livingston) a-?p 5 <T “Wftsn s©n?T 

*rf?rom tor i (1213) c^fcora *t«pftsiT<i sir^s fiR*R 

(?f^n i 



fra 1213 

WZ^ ‘f^C'5? 5f^ 

a-^fs^m *ff3R^R?J C^nfoff l 


a-^f 6 l<pl?l ‘''fSPTblH fa^ 6 " 9 ! Tf^gl ®TTC5 I 

stMj® nspffanr §cptc ?p?n tocs i sun va^ 

*(spfrn Ri ^fasiT 9 ! ^31 TO I 3^5TTTO W 

^f®Cv5 a-5Tt^H t£)<\ *[TO3 C3 C*i*fo5 %^I TO OT fa¥T?«s[*ft 
3KTO fawfCS X-^m^ C3 fa*[S5 CE? 

TO &$ TOTO ^n TO ‘^4 jsj ^fstfbn’ R ex (Extrapolated 
Range) i <£$ C3 '[TO a-*rc*m TO 

soTC? E®n TO ^fspftsn’ R (Mean Range) i <a£ *i$ *f«rabn 
R ifjsp? ?3i cs «R5v?n w*r chp^to ^epfhn ~r «m «*it 
TO, TOt wr wfhn R *rc*rai ^ to i 
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; ?5CTO 

fafcr^ 2fr«fftr^ *fe 5*3fT a-^faro cto 4i 3555 355tsn 
w yq* 55 i &rT^«nppf Po 21 ° (E a — 5’3007 c*fa ) 

a-5?«m5 CTO £* = 3‘870 C5?s f, i? fla . = 3'897 C5?5 45? 

£ = 3'842 C5?5 55 i 

12.8: ^ *rf%55 5WJ 

f5?$5T srsifrrc* *t% to a-^’faro 355^51 fa<5 to £ 
wffri 45< £ 5fo*ifer sic^u 4#i 5 * 3 # snfa'TO 55i 

CTO « 4§ 5*5^ 5^ 

R = aE*'* (1211) 

a 45?S SP55 i 5fa a-5faTO C5*t v, ^T5£5 C5C51> v « V£, 
^s5TC 311551 felTO *flf5 

£ = fo 3 (1211a) 

45TC5 b 45?& SF55 I sfa 355^515 455 55 C5?‘'$fa$T5 45S C5C5T5 
455 55 C5fa/C5CTO, vsT5C^r b ifS55l§5 5H 315 9'6 X 10~ 2S 55 I 
§TO5 5*3$ ^5 5<51 55 5T^tTC55 ^ (Geiger’s Law) 1 

?nt^ITC55 5^55 5T5TC5I C5 C5H 355^1 *tf55T3 TO 

'STTO 3T5?55 M5 551 535 I 5T5T5«Fo: f5C*T5 fac*I5 

C^Sft^ C5fa tafvo a-5fa5T*[fc!5 3T5frl5 #5»lfe C&faF 5 s Nk*i5 
5F05 5T5TC5J 551 55 I TO §TO 5f4® C5R *Rifoc® ^TTO 
355^51 f*T^5 551 55 I 4^»TC5 45\ wforT5 C@Wfaff 

<5^55 551 5T5 I 355fal S?R1 TOC*T §3? C®T*fe CTO 
TO51 535 I (121) 5T5«te 5C55fi> 3T^fo5 C^SffaRI C5*S5- 
?5S^c a-5fa5T5 “if*? 45\ ^ wftsTRT 5R fctfWi 551 5CTO I 
5T5nt5 C*T5 SC3 3*^3 R/E*' 2 *K5Jli$5 5R^ CTO *n$*ITC55 
5{5 C5 CSTOjI^TO 5f&5 ^1 3^55R 55 I ^TOT5I C5 sn^tTC55 
^ 3 CTO 7 C5fa 3*55te TO! 3T5 5^ 5C^ 551 5T5 I U\fi>3 
« &5F55 C55 5TO a-5?5TO CTO Wfkl 5*ITTO ^ 3/a 45* V 4 
45 55T^3Tfo5 55 I 
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3Tt9«i|—12.1 


Cs'SfT^il C$*5^ 

a-*rf*F 

E 

( fa-$-C«1 ) 

~R 

( <7ffsT ) 

R/B 3,1 

84 Po“ 10 (RaF) 

5’3007 

3 "842 

0*315 

..Rn aS!! 

54861 

4-051 

0*315 

84 Po 218 (RaA) 

5-9982 

4-657 

0*317 

Be Rn“ 20 (ThEm) 

6‘2823 

5-004 

0*318 

86 Rn 219 (AcEm) 

6542 

5:240 

0*313 

99 

6-807 

5*692 

0*320 

84 Po 21B (AcA) 

7-383 

6457 

0322 

„Po ,l ‘(RaC) 

7-6804 

6*907 

0324 

?> 

8-2771 

7*793 

0327 

84 Po fll2 (ThC') 

8-7801 

8-570 

0329 

e .Po 2ll (RaC') 

90649 

9-04 

0*331 

84 Po 212 (ThC') 

9 4923 

9*724 

0333 

99 

10-5432 

11580 

0-338 


12.9: ^5 

_i».-_ C^C-_-^C-_ „!>■-, C-»_- ... .C. .- m „ ■ ■ ■ -. ■, 

^ff^STT^f cT^T C9 t fl 5 $«9 qfe'ta+l'l ^T* 9 ^ CTk^RT 
c^toj ^fspffcn siwft^ ^r 59 ; spjrc iso-rd 

arafa? *5ifso»i?^ w 5$ I $m W'S C'fffirfrM a*tffa (Radio¬ 
active Series) c^PCff ♦Rftaw^ *f*\ C9t^ A, fasn^HF^F 
(Disintegration Constant) «w /? witsiTiS TO Wsif^ 

5nf e T?'S'<^ ^T* 9 ^ ^FCsH S 

log >. = ,4 + 5 log (1212) 

,4 «W 5 OT 8F9* « *^5: log A. w log 5 csrofoa 
»£i^ TOsrawi 9W, 9T9 =tf\a (Slope) B a*^9 tor i faferr 
C^erte OTfa CTO TOTSITO B twffa STR *fT<591 to, 
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®rT5pFi-?rf*p qfasft ; f3cro 

3to A SS3^?&3 srr^T to fato CS'SrfcfrS CHt%3 CTO 

33ro*n c®Nto(fa *f3*rc33 7mm 53 (1214 fas 5 ^ 31 ) 1 $k 



fra 1214 

*n^TRRl&I*l fqs toto pwfra 1 

C3T3fa3^f®!3 3T5H3I TO3* 333 Ui^5 a-3tf«I333 wfoll frtf3 TO 
fa?3T33S C3k*l3 f33$3 8F3¥ (A.) 43* <oT3 CTO ^#33333 (x) 
f 3^3 3*31 3T3 I 

(1211) ^sfto 6 ! CTO OTI CTO C3 a-^f«TTO wftsn i? 43 
*rto fe*T3 ; R~ E s/a I 3«3H (1212) *lsft33TO 

to*l®ICT C®131 3T3 

log X — C+D log E (1212a) 

4TO C 43* jD 8P33J i 

4TO C3 qfae ?3to C^Sftor CSltffT CTO a- 

3^*133^513 TOfal 313 3*C33* (Tlfa *fM3 TO fa33? TOP, CTfa^to 
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♦ 

fasqj g? C3t^'83 WWP ( 31 $n3<3 33 ) 

TO3 *re c^t?& tos—<$§ f<«fM >fNi?r sic*a fafss 3TC3 i ^t53«i- 
W C3T?33T3 C5f% CTO ’tflCWl WTOt ^N 3«Tt*m 

ThC' 43 * Th CTteT ^ si*J®?l33TOi sm 33Tzr:3 3x10 -7 
<7^3*5 <£)3< 1*39 XlO 10 3*33 1 5T333C3 $$ g1& C3fa WW 
f^s^o a-3fa3T9(to 535 33T5 : C3 8'57 C 3 fa 43* 2'49 

C3?3 ; v£idrt aT3fa3? 5 CS 5 8'95 fsf-l-c^i 43* 4'06 

fsf-^-C^l i srsfa a-*\^ 2'24 ^*1 ^3 ®r3J «pfet33TOT 10 24 

^T9f ?pr 313 i 

43TC3 fcGB3CTTOJ 9|T^IT3-3Tlfar *{3 3ft*F 43*1$ *p 33 » 
3f : ss *f33^1 to« 3WT$jj ^5T^ff 5E3C5 i 

§^53333**1 (Z =&^) ? 3 ?^st 3 T% 3 TCcrc *(3 log K 

43* 4Fr3 C3*5^ t^S^s a-^ta KOT ?33#s 3*31T3 

(Reciprocal) 3WJ ?3W *fT<331 ^TRI i c5rT^-C5T© (C2JTi>3 

3*311 CW T<5, T3St3 3*3J1 CStT© ) C3*5C3RT CTO 4Pf3 C«13frff 33«T- 
C33i 55 i 

a-^?«m<r 2swU*t *(to 3*ro fas3T<re <?ta3 M^wisi 
*ff33$3 ^?3¥ C3T3T3ST3 3«tf3WJT3 3T5TC3J 3JT311 3^31 3§3 (1215 
5^31 ) I 

12.10 : a-3*f*W? »jt%53RI 

$3331 c*c*ffe c 3 ^n :<3 wi to a- 

^to^feT «T*rT«f 5TCP? *f33ig <P313 5p^T £F5U5Ts *r%- 

*F5 33T5 3TC3 i C3T3 (N. Bohr), C313 (H. Bethe), 33 N (F. 
Bloch), 2^3 faSTOfa*! *PrTC*f3 TO CC-^f^lTO »ltoFC33 5T3 ?3*f3 
33T3 5r3I ^{®T?3« 3C33 I 

333 43$ 31 &5TCGfc33 ^pT3T3 TOT 3J*[3i*t CTO 3^333 

l 333T*[ 33F5 4$fl> ^£«14!3C33 ?WC3 t>C«1 3T3, ^>33 4^ ^ITh^ 
4?3^I3 3C3T '533^31 3®T ®|V3^C33 ®f3J ^RH 3C3 I <113 VC^I 

^3*5151 3^3T® (Impact) 2 fT^ 515 ^?53T3 

(Momentum) 1 ®n ^3 ^C3 I <U^ ^ 3 C 3 C$fl[ 3T3 ^35i^3 TO! 
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Rffft; 


“it?? 'ST^T <J>iR ^1 fJT«f?T ^?fl RR I i£!5t *tf*F (XRsfaTO 5R«t*R 
w^tcHST RC^TO sfafa ‘rw$-sjtc*r’ (Impact Para¬ 
meter) &s>R fcp»<r to i ^Rsugfifos sjraforv© ^ jfff^j- 

*JM *RPn*pr RIRI JtCeTRSfoR <T3R*T?<? '5fC <s T^F1 SsE^lR ^G?n SJC?fT®R I 
*frn wTvo'-snwr c$u i dx ^tvoisR 

a-^f^til) ‘ s> f?RT c I?^ ^CeT^EfaR R*3p#T ^ S5R 5j^5T atvofS 

R^TTEaR *pC«T 'Bffsro *I?3F 5{«1 RJR RRReR ^RE^T, CX- 

^FfaTO *iT' 8*^-5H (Specific Energy Loss) dEJdx frH?i ^?n 
3R i 


ze s^rr iOT* v ^«Rl *i*r CTO siRJESR sjwj 

5^*1 -TO S5*R SsR “ifaF'SRI 5!R 5R 


dE 

dx 


Anz'e* 


m e v 


~ , 2 m e v* 
2* 1lZ In r 


( 1213 ) 


‘SSflR n ^ sjricsr zftv iot 5 ? ^rsir ^sjr 5^1 ^ 
Z 5CB5 *rwiPRT ^fwrfa^ 3 T<^fn (Atomic Number) 1 sfsfr* 
nZ ^c ®5 TOJCT* 3?\5 $IT$l\sR ^vsSfR I m e 

^RRsSpR ^ 1 / SHTO3T *RTOI*!?OT* §£«r£fR sjv£ «JT?R^ 

*1% I ( 1213 ) ^sftaR 6 ! TOWT ^5 fi^SH *fe =#ITO CTO 

awis?j i 

( 1213 ) RsfhRs c«ir cw^n *ir <r ^r sR«t*fN^ ^?«rr 

^ ^<IW 3 R iOT* ^f^TO <RE$R ^3ST^^n%^ ^ i 

^R RE*R *KC*t «ni‘ t T^Tf^ si^Toil ^TO <RR | v£R 

TO«1 ^ ( 1213 ) JR^C'R TO *n?f ^ 2 

§*^*5^5 1 ^rr^r§r <rc^> dE/dx « ~ 2 , st^ot sp*^ 

^sf^R SJWJ &5^<T TOR *P"W *f®RH 0*5^3 TO *1%^R 
I a-^^R »iTot?i ^R COTfrR 

5 TC?R &R^«1 C^*fi 5 ?T I 

^ ^TRRJT »l% I SIRJC 5 R *PRSHcj^^ >f^n Z-ifl 5 §*R 
TO i *pf 5 SIT«[?r TOI T^^C'R c¥^-$sim (Fermi-Thomas) 

atvs^C^R ^RTCTI $\ (Felix Bloch) c*fTO (R / « Z 
5R \ mw 3FpR*( ^?n m i toot (1213) 


5 



66 a?PU«i « re*5$ 'fa *\to 

*rsfto<T«i sf^rot dE/dx a^TOto *rcsm Z »resr amvs TO*m 
sr^rs^ sire ^ to \ asfbro toi re*n to re dE/dx « V^4 
S3 ; A sm TOOT TO 1 CTO? *RRI*lfW TO /4 

*rc*m Z 4a to Jfsu^arto, «us4a dE/dx to s/Z 
4<T *fSU^*uto ^1 4§ ^sn ssrf^ SfT3 ^TORF toTOT 

*KE9 *pra«'«lM I 

$?are ^uc®nt5^ “if^r^are tosito '•i>if*WH®??*T'3 ^>a (Ioniza - 
tion Loss) a! TOTTOto to (Collision Loss) a®n SU I 9fa 
c^t^t srroiw 4^f$ smR-*pp?i 3jW arere aref^TO ^ *t?sfto w sir, 
TOC*T n{E) W “T?3FTO STCRT TO tofalto 

(TO ^T5T s 

— dp =wn(E) 
dx 

W 3ftS|JT?& CKI^ fa^CTO S^ ; STT^ICST^ 2f$f 39 §*[9 toa TO I 

5P*frc fato srr^sx ^ gsre $$ i 4*rrre toacro re arefaau^fa! 

TOOT TOU*ftfare ^ ®Uato are =fl, (Tf^TO &S3a *fe©re 
^C^jt^S'G are ; TOl^l anafrTfi TOSU^ CSfre ^reaat^a 

fo| srfaTO sure l v£& 5PT TOC 6 ! TOOT 5Ua?R ?aTO9 

^jpiTO w ^rea ca*fi i aTTO^r w 4a to to 35 i~cs\ sa ' 

3if^a fet$re> real ara re a-^rreF® toi au$??r® *fasu®i csfre 
§ot£ot *ic4tg& ca*r a-afaaia reOT faqa ss i reaacTO 
TU^jrei a ssro^rcsra anrerafoa srsq aarer *ot to csire 
re *\& >tro sto ^uaT^rai -ato real refare toco real to 3i 
5 CB 5 4l*re ^otSot 5 a®m i 4rea a«n ss c3*r$i-af*ir 
(6-rays) I 

(1213) aataa 6 ! apjaTat *rf*FTO TO dE/dx re*T £TOT jrct 
g?5 9WC3 sure I CTO? TO5R-TO n(E) $m dE/dx 49 
wjnrfo*, 5wfl»[ ^®TTO OT gTTO »KPl W(E) 

Jiwriihw ^3ia 5«9i 1 (12*9) to a^rto a?Nm 

«mpR-ro af?prto^ <mto^ $$ tow wtoff 1 few 



Smpqnto to?a 
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to cro m?r c*r a-fcw cto ^ ^to a«a, *r<re cH^ton cro 
grc?n w*i ' 9 n?r i 

$?t$'S?T *TI'S’C^s *t1w^p?r 5T?f J P 5 fC ; S ‘FWC'S ifl^iift a*P5 
SIR aT$ S3 ; SsT<Ta<T *p to ^Tv^s <TO l annaoS dE/dx 
<n *rtos ?{PT\55i \st?t srr^r ssrcafa to *fo? (Rest 

Energy) M a c 2 <*n an foa^*i i 

$?an ^ronto ^ to cswsi ^ <n a-^toT^ <?rc<ra§. 
He ++ sit?r &sf«i to i a^are to trepF&r 

TO 5T<5TQ a-^fa^to?T TO snw TOT«l CTO 
a^^t'S *nm ^c«i^t*7 afspsna ^c?r i a^faroi^ 
^JT'Q He ++ , TOW He + , sfTTO TOW smnsfa He aOTJ 
toro 551*1 to i ^rasj 55j*i aw a-^?«m^fai to^ 
sr^to ; ®nr*fFr ato^r to \ «s<i <3*fk ac$ c*n topf 
fstfsrfsttoa to i gsnatsn *reTO 90 4?n He ++ tow 

aTW I 

12.11: a-^fttofTOPt; ^toWFtto ^ 

a^sfa 5 t«h to aton^^r a-*Fto^for aaanto §wn&?n 
sit iwr srn^f *i«ra are ^ i csi?r toi ^ni atoa cto *p 
TfTsjRi Ttoa (Scattered) i TO*l ^wpfsN 

$rtaa*i ^ ^5^^*! ®nt i '5n^T$i '®nt c®ii$.n ^®i 

t£RK TO*F?(fcr C5I$ C5T$ C*1T®TH TO *RtfT spto I 

CoTTTO ^5# *tfff *p grs c^Cn ^^FSjfel ^5Sv5S snto C“tmn 

sun fora swr an, aql£<i afoaa an tow i 

<jttowft 6 fato atos to a-^ton to^a to atoi 
mus fan *pfj tor w ato wak a-*Fto atoa cto *p 
rsirj fa|j[F$ sn, srn^i sitwj is?p i£^Ti) a-^toi '$n?f^ at^sa^r c^ic^ 
W*\ af^snccj ^ m i CTO c^h cro f^c^a cto 90° 
^a^T'Q c^*ft ^o cwai ^rr?r i 

^»a 3 tto?f a-^ton ^l^a ^5 cw=i f^wa ^tnji ^s^n 
awr^wnS ^ir tor <n a5RT«p to <Rnr^ ^twr3 m 
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wtrtitpi 45f§ ^rf® piwtft* 5E5i fri55f 5iC5 i 355f*[5 

sn?r ^rsrsf ^'Q 4^ c^iisiw^ 5t5i f»rf^® 5ic5> i 4^ 
^ircirot to cto5 *k*ict 5911 55, ‘c’Fg*’ (Nucleus) i 
a-5?«I51*(f9T 5*R CT»5CT5 *(5 35 to 55«1 5C5 ^*R 

4^5t3 ?5*pf 5 f*T 9(?F«T5 t^'aC'T-fl 5^151^ 'SfTCTC^ ®R1 ^IUr'5 
§35 C5 to®Tto ?55to 59f (Electrostatic Repulsive 
Force) f?F51 5*C5 ®T5^ 3®TC5 ®I31 (SifcWlW 55 1 

vm $um a-^tosjto §35 to*ft»r f55to 591 ®te 551 
®55l9fta a sto $ro af®5iC35 (Thomson Model) 5T5TC5I 
4§ 2RF15 CSbbC^IC*! ?5P£3 5J15TI 551 5§5 *75 I 515*1 4^ 2tf®5ia 
^5T?ft WT^ *RT5T5 5JT5R 45 3R3 CTO[, ^ 3T5 10" 8 C*fa 
5ipn*f *pasi 35513 c^iwprt siwj 3to$ «nw i 55?? a-5?*t5i 
®T5 5WW 4^ C*lf9TC55 C5F55 *[5 5^5$ TO ®55 45 §35 
i55^*it 5®r to 5M C559t * 9 t?r s rT*f3r *Hi5i5 C5^ 5j<c*i5 ^»n 

51 45 5*51® 5TC35 (Impact Parameter) 5515 5P1FJ 5*afi 
CTWC55 5WJ ThT^vo 5IC5 1 vp l t O£S 4^ 591 ^ ^t*! 55 I 

3®51* 51 c t 15WT§ ®^ 35lf*T® 55T5 35 $555 3?®5ia 5*3<®1E5 



f55 12-15 

a-tof*! 3*Hl 5FT51 i S ^ a-§W, F far*55 

45* M 55R5 3^*1FF!P W^H*! 5*5 I 

*|f5®RF 55 (3*2 5^51 ) I 5M5W1§ 5? s 33> 2ff®513 

®1^5I5t 3551^ 55?5 45 C5*S C5C5 315 10" 8 (Tlfa 

*[C5 C5E5 ?5f@JT W3CT $55^5 55C® 5TC5 I 5T f tl5WT§ af®513 

5HPi (3*3) «ipw m?mi 5551 5OT I 
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srTspFi-sW* to 5 ** 

tutors to**f ^^1 ^3T3 3tst?t 43 ^ TOsto TOfe 

TOST 43rf& *[3 nr^oTI TO3 *fTF53 §TO 5TT*lto 3*31 

53 i croi (Z=79) 3 3 *n (Z = 47)a^fo q^srefate 1CT 5 
c^ffa 31 sra<3 3R C33 tost =53i to « *tre1i> *(3 

*[F5m 5<33T3 SRI 43 5TC3J -sffsrasFWTOT areto^to ?3C*R 
S3 31 I W®RT f*rw fafotf ^TO9jfeRI TOJ1 *T C R1 3P3T3 SRI sotsr 
WS 313*51 '5T<o1\l4 3*31 53 I (12‘15) TbCfl a-faw*( *I3Wl3 3?f 
3J3^et3 43^ 3^*11 a*ff“ro 5C3C5 i 

(12*16) to a-^TO 533*13 PA'P' sreto 5CTO i 4§ 

OT*W *f3T?3T333 (Hyperbolic) 53 » 3ITOC3»TO&3 5T5TO 



fra 1216 

faW*T ^TC*T a-^f«T^T? B 3 *I*W I 


^rot 3frr 331 3T3 C3 spifa ®3 tost 43*fi> *f33T«[3 33 si 33T3re 
3JT3T3 +Ze ( Z = ^TOlfaF TOJ1 ) 43tf$ c4«al^'s snre, 

\5T5OT *I5CSf§ C'MR TO C3 4§; (F) f^fS *I3T^353 TOF53 (?FT3 5 TC3 
vtfFgS sure I 3frf are? e T33fij3 ®3 M 43< ^TTO + Z'e 53, 
'ST^cT svf^vsS Z' = 2 5C3 I ^IT3T3 3?? V 53 arefa^Tfifo STsftre 
OT ^T5CffT 43 E m = iMv* 5£3 I 

3SR a-3>fa33f§ C33re F CTO 5 5I?fN *t;3C3 sure W 43 §*13 
C3*0re3 ?33^«l Sffa^ 5eT §CW1 3*31 TO I C3CTO (X-3*fa333 CTO 
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<3 c3*s^ 

t 

W®*^ 3TC^ 31 ; C3T$ "ififf 43 ST«to 9f?®*lto 33T3 33 I 4^ 

tost3 *mcs *n to ntorc to 43 s PA'P' *Bn^?r 

A'P *%**{$% spfta fro 3 ! r3®Tv t t a-^erro toto 3 
«pfa*TC (Asymptote) QOR 33TO3T3 TO3 33T*tf®® 
(Coincident) toi 331 C3C® *fTC3 i C3TO F CTO QOR 
33TO3T3 3fr FG ei? sto® TO 3T3, ®T303 FGw 3*n 3T3 
‘TOT®-3T*r (Impact Parameter) i 4^ TOT®-TO3 3T3 
331 313* i 

<& TO3 to 3® ^£33 3C® 3TW, ®® 4ft §*f3 

C4"hC43 '5IT3R 'SrTH'D 5*33^313 ?33^*fi 3^1 TCl**ll ^3C® 3Tt^F ' 

4ft 533-33 3T§C33 to 3ZF 3C3 C3C® STO I TOTO 333 F CTO* 
•{ j H'o3 *£3C3 'shT^® A' T<*[C® a-^f^T^ $>*ff^® 33, ®33 C3*ttC < P3 
t33^«ft 3C«T3 tt®TC3 C3fi> TOT3 A'P' C331 3C3 ?F3*r? «p 

TO CTO 3TC3* 1 spffa ^3T5 ^ C33T^ R'OQ' 33TO3T3 

3^9f W3f^5 33 I a-^faTO ^T9ITO3 ^33 

(Asymptote) QOR 43S sr^Pnrra ^333 R'OQ' 33TO31 
5^3 CTO 0 30*5 a-^?33T3 ^3W3 CTO l QO 43? OQ' 

33TO31 -33T^53 TOF3 JKC*I 33H CTO*! (<t>) TO® «TO I 

a-3>T*wTS 333 A f3 5 *fC® 33 ®33 43 ^33 C5*5PP3 

fefif T3^*ft 3o3 ^B5®3 33 I 3fa F CTO A' f3«J3 *133 33 q, 
®T3 OT A' ?3^C® a-35?3TO 33 


Q 

4$ fa^C® a-3faTO C33 3fr 33 V mt ®13C®r 43 9Tt®*rfo 33 

E h = iMv m * 

*[®3TC A' ?3*fC® 0t _ ^?33 s T3 C3T$ 33 

E k +V=iMv m ‘+ ZZ q e ‘ 

»I^S t -3t3 , *F3 *[1I ^3T3t 4^ *1$^ a-^f^TO 9tf®*(to (E a ) 

33H 3^31 §?5® ; 





71 


E, = i Mv“ = IMvJ + - Z '~- (1214) 

spita a-^f^TS s5*rc^T Mv 5$ \ 

QOR I C<^ *$tt a-^f^TiT 

£fTsto> <5?rc^T (Angular Momentum) ^ 

Mv. FG = Mv. b 


A'fajfc® a-^faro Mv m FF' ®nw3 ^ » 

*fc<t A' fa*gre a-^fro* 53CTO 

$.G< 


Mz' m . FA 1 — Mv m . q 


cH^tffor §*f?r c*r to fra *Ft<T *n TO (Central 

Force) i i£$3i*i tara 

; ^?JR c^lfa^F <5?iffro t[ 5 (Conservation of 

Angular Momentum) TO*(1 *n?T 

M z>fr = M v m q (1215) 


^sftTO 6 ! (1214) MUP 9 fT'Q?n *M 


^ 2 -1 - 
z; 2 1 


2ZZ'e‘‘ 

Mv*q 


(1214a) 


^ WCT 'SrT^ll m W C^ §*T3 

fepf*gFV TO fgF?n ^sTOT 

5sj«m *$ i c*rc^ a-^foftffor arefcw *hw, 

*no4*T i*& *l<TTf5FFT<f (Hyperbolic) ^ i (1216) fozr 

cw <?f*n ms cs 


OF = OF' — e.OA' 

s> 1 (Eccentricity) i 

q = FA' — OF + OA' ~ OF(l + 1/e) 
5IRT3 <pf=T?pj (Conics) ^ C«IC<F ’fT'SSl STS 

1/e =cos 4> 
q = 0F(1 + cos </>) 


*[«aTC 
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*[55T^| 'G C4*at9 ’SlJkH 


C5C5sj sin 4> = FG/OF, sp©45 

q=PG . i±™ + =b .i±**± 

sin <*> sin <i> 

(1215) (1216) csrre *fTG5i m 

b _v m _ sin </> 

^ z; 1 + cos <£ 

’rsfto*! (1214a) 45< (1217) *fT<35i 5T5 

i _ 2ZZ'g 8 _ sin 2 <fr _ 1 — cos <j> 
Mv 2 q (l + cos^) 2 ~l + cos^ 

. -I __ 2ZZi? 2 sin «/> _ 1 — cos 
* * ' Mv*b ’l-fcos<*> 14- cos <£ 


( 1216 ) 

(1217) 


^5 *fT<35i 5T5 


, ZZ c 2 . , 

b = TJ-.J- tan <£ 
Mi/' 


SJT 5 T 5 0 + 2 <£ = 7 T, <£ = 7 r /2 — 0/2 ; 3|^5ft 


6 Mv* cot 2 


(1218) 


(1218) crcw 5T5 C5 wre-srr*! (Impact Para- 


+ z« 



f 5 ff 1217 

f?^r? a -fare*f i 


meter) 53 fg ^?r, ?5C*F*f CTl*l (Scattering Angle) 0 33 
55 i (1217) to fato 5fWv5-sn:»f sn^rto a-*to^to 
fam*f5 ^nroT 5^*(1 (?f5T5 5E5E5 I *K5T3-5T*f b 5® ^5 55, 
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faCTWJ 

a-tftaiTfc c^nc.^ ^wo© ?n¥ST 5 ^; sfc^t <a?r S’O 

^<3 ^5 2WSF5?r 5$, <sm a-^fa^rf$ C^TC«1 

fafa# 5$ \ 

»I?fhFT^TPl ?^*T *K*IJ* a-^^l ta *RfNn TO1 53 » 

Uim o $*scro U^% <n*n 53 , ^\sm && 

C**fC? f^f^T a-sfaro ’apffa’ra^faRT (Asymptotic 

Paths) *[ 3 Rf f^fssr sm 1 $$ 5 £ 5 § srcsrre-srm (b) \ 

433 srftf a-^fw^fcnr ^imenr spfaaw* totsejtst ^ f<rf*r^ 
w & <3 b +db *nprr*f 3*33- ^ spfa < 3 *r 

(Cylinder) %qn 3 TS, srccstT&J CTOtffc OTST-^rCTS ^IC?T 
enw, \sTOT c<r*H ^*reiTf?© (Annular) 



fra 12*18 

f^f'SF'g a-^f^ra ^\*m fjra:*t e i 1 

^* 8 Co^ sjttf f*fcs a-^fTO^fa 0 *sw 0 — dQ 09 ^ 

C^tf«l$ 5ft5fT^ SIWJ 5W ( 12*18 fftT H^I ) 1 C^ffR SOF3 

«rf«®Ki $*IBI Sj’fMUS* <«1I«I$f® SfOTW 

a*50s$flRr 2irbdb sw • ^ faOT*lCT3 (Scatter) af® 

c^RfflPRf §*nsr A r jtwj® a-^*m srcaf®® 53, ^c®f 
WlWCTBr §*1<T *H*[?®® a-^lTO *fWll N.Qnbdb 3[W 1 (12*18) 
srataq ^T?ft *wm 533 

dN = N. 2 irbdb 

= - ^S?T cosecS e 2 cos "2 M (1219) 
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'G CTO 5 afa&S 


58 a B te a-*f*pn*(fa 0 ^ 9 — d6 (fttfw atasrcqj da srccrot 
(Solid Angle) s $; 4aTR 

da-27: sin 0d0 = 47r sin~cos^d0 

A 2 

5 5'5?in sf® srawirra siki a-^wra wn 

(■•• Z' = 2) 

f= A 'ST cosec ‘ 1 (12 ' 20) 


(12’20) *RR 5JSO (1219) JpfaRFRT ©R frrOT 

s wrerc 5 liw ^<n szm i »*ft <mre tea fcg* sa *Rto?ro 
(1218) ai® & halite (Differentiate) tot 

3TO i & *f© arc fawa oti 0 ©© gR am ; db 
SRRR 5 SJ& d0 W5RT 3R I TOW 

a<Ri ctr i 

(12’20) 5isffoa*i afcasr *rr ms mss w foeac** at© 
s*&q cwfc*t N j^aw a-^tei sna?^ sa m cro^a 

a©rca farea *rcaffrs s$ i aft af© i£)^s c^s^r a- 

^«PFR TOJ1 33 A T = 1, ©TOT (12’20) 5Tsfte<re «W SJT5 

CTO*3 3WW && ^ftadfo 0 C^TC®! at© ^RC^TC®!^ TOIJ 
fafo# 33Ta >iST3J©i (Probability) areal aTa i «fl$rarcF5iCT 
aft do/da aiai fttfftr© ?ai ss, ©tot anaai aft 


rfcr 

dfl 



a 

;cosec 4 


0 


( 1221 ) 


(12’21) TOfoww a®n 33 amaOT§ te>a a^%l (Rutherford 
Scattering Formula) i 

<£iarR Saracami cs ca^ r *tata w^a tor ©rft© fasftal 
OT3 a©rca a-s?faTO fasfeaft? 33 ZZ’c^jr, TO43 Ze* *rcanft 
aft? W 3®WOT3 ^tca 3ROT (Dimension) a*a!T ^ i 
TOT3 Ms/ afea TOsnfcw 33 i 3j©ar< (Ze*/Mv*) fotfia 
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^Tepi-<rf*P «tfT3cff ; kfffa 

*T33Tk3 j^r i (12*21) 33t33Fi (da/do) 3<3JT$ forti3 

3itf3 jkpt *mm\ 53 i <?i|m 

33T3Fsl (Probabilily of Scattering) ??Pr*f3 4§ 
*K3JT$C3 'a*3W (Cross Section) wn c?<33i 53 » ^s* 
(da/do) *K3JT$C3 3*n 53 ‘W( fare*! a^W (Differential 
Scattering Cross Section) i C3£5^> 33C3T3 do *£n 
m\ 53, do 5k*ijt?i>'S crarecsra *kpi wifw 

53 i do-c$ 3*n 3T3 do srcttto 3C3j ‘?3?3a a^W i 
«T«&TC do 33C3TC33 3E3J Cl-3k3T3 kfofl 53T3 3ST3T51 

kfffkre 53 da 5K3IT$3 5T31 i da-c3 33T3*rc (Integrate) 33T3 
sfiot aia a wnito 3<?n 3T3 ‘c3$ to’f a*5W’ (Total 
Scattering Cross Section) i 

(12*20) 43< (12*21) ^333 CW C*31 313 C3 3k 
kF3*rc33 ak 433 c^awT3 ^*33 N x 3?3i3 a-3?«i3i srrakss 
53, \sl5W 43$ 315 C3*5C33 2f©TC3 do 33C3TC33 3WI kfa?# 
a-3? e T3T3 3*311 5X3 


dA\ =A 1 do=A 1 (^) 2 cosec‘ -Jdo 

3k 3#3T#T aT^$3 3WJ C3$ A T/ 3*333 k173*13 C3*53 3s3H 
3TC3, ^T5X^T kfo$ a-3f«I3T3 3*331 5C3 

dN = N^N'da = A'.A'l^J ’cosec* | rfn 

433 kF3*t3 ar$$3 <7353^ 3k A 53, 43* 43 §*f3 
3fTakvs C3$ a-3k3I3 3*331 N 53, ^T5E3 JV X = N/A 53 I 
3TT3T3 3k 3m *fF5$3 ak 433 C353E®I3 3WJ « x 3*333 ?3^*33 
C3*S3 3©3R 3TC3, S5T5ff3 C®T31 3T3 

AT, A'= ^Ln' = N.^j = AVij 



76 


*RTCT°l 'G ^ a?OT 
snwi art 

dN =N 11 ± (^aj cosec 4 -| dn 

= Nn x da (12 22) 

(12'22) f^wa a^os^a ^“ssi aTom 5T5 i at? 

N = 1 45t n x = 1 53, ^Ccr stcsjsi aT$ dN = do ; srsfa afa 
ara a-^fa^i ?aca>a^ an?s?r ^ara ^rnt^s 55, are 

sn*n afs sits c^* 5^ arc^, ^t^«t a-^«r^§?r 

asrarei dcs SR i 

fat^a^ C55 55 t 45“ 45 SIWJ afo 45*$ TOvsC^T 

n atare ?5?¥a^ c^5$ arc^, aref£?r 4^5 cw^ 

C5*tfC<f>5 atari 5C5 

n x — nt 

4aa afr fa^a^ C^sg^ csp 0 45“ 0 + 40 C^T®I ?5?*p£ 
^ *itf (Cone) ^(fos ^<n arc, wi 4§ «rtfa aa- 
C51M5 51*7 5E5 

4fl = 2;r sin 0 40 


’Tssnt 0 4at 0+^0 c^mcaa awr fafoa a-^fom m> atari 

5C5 


AN = 2nNnt 



sin 0 40 



5fa §at5HF *TtfaE55 3f3^ ^TH 45”F f#*!^ 45fi> 

a-farc^? (Detector) fawa-c*»s r *t5l5 5Tai aiw, 'vjsm 
$w §aca snafus a-^pfopra atari 5x5 

A 7 =_ A ^ _ 

* 2flr 2 sin 0 40 


/ 



(12'23) 



12.12: ^tt^mr ifl^ »ItJ|''l55^SR[ *t?W 

♦ 

(12*23) cto 5 *(T'S?n to 

fa) N s “ —}n,n 

s sin 4 0/2 

W N a « * 

fa) iV s oo 1 / £ 2 ( (£ = \Mv % 0 HPtoT*[to * 1 ^? ) 

fa) #. - z 2 

^tohf toT3?(to bcot 1§ ^f*r *Rfhprar toi ^ 

<5T3C«1 TOWWI^ &f»Tto CTTOfa 3torc*RT 5TsI^l afef&3 



far 12-19 

T«w*i Tw<il’ t t*c c ra ^»n *n$*ira <3 
4*4^4 ^ 1^51 l 

*nc?f 1 $rr^TO mi sjtfffssr (Geiger and Marsden) 
fqwpto to sjto *nfto ^n^TOT ^tot*? faTO’ffar OTfe 
tor 1 

(12*19) to *fato ♦wjfe srM® tow 1 F 4^1$ ^ 
*tF©*n otti ?n sfto *ifs« R -suns^ii #t^, to 
roto wvr (Rn 222 ) stjpi a-*toi fassf® to A, *PtH 

tojto to to to *™to tot i f 

toto *n*ito> sto to fato fare fafeg ^ 1 0 c$k *1 
fator a-^toT^fgr S bstchjsto 3 ? *pth to fffer 

5 ^ (Scintillation) TO 1 S *fltra tow ^Tto M 
^frrora 5n^m *ftto w* tobw ^<n to mi otrt 
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^T c r*n to ^rr?r i S a?i M F ?\%m 

v£j^pf& TOato (Vertical) to tor 1 

TO1 fato CTO«i fac^a^ TO S aftS §aC3T ^fT^'0'5 
a-^to^fa *ftf?i?r ct* to *rem i stos 

^T\^m «mi to S a^m afo i<ito c’^Rrom §aa a-^TO 
a<*m toa*i to m \ ^srsr tutffc sp fas ^sra 

3pa?T ^TTOS TO «wto I afrlRI ^ SjrftSGSRT ♦RfNFI 
c$iw c*p*n am ca fato ^ c«tc^ fasa^ aaafa spro (v - sm^) 
a-^fw^f TO fato C*W a*a?T (t = 8H^) *f[v f^F^f 
S5«rc 55W-$*aTRF aftsT 4TO C^ffTOW &to ^Tafo^ fato 

A 

a-^tTO TO1 N s w sin 4 ^ ^ *pw*I SR^ ^ l 

Sssn ^acST^ (^) Ttoot *TCCT awfio*# 1 
(12*2) c*ra ®V3 ^ 9[ e rq^3i fotfaro to toes i 

v$| Vttlrfk CTO cm am ca aato ffffi afam TO &TORF *J«WffI- 

^r am aan s$ i 

12-2 


fawa 

CTO 0 

• 4 0 

sm -- 

5*& feww afra 

TOf?\3M> 

a-afrfTO *rcaiT (N s ') 

N: X sin* | 

15° 

2*903 x 10" 4 

132,000 

38*4 

30° 

4*484 XlO' 8 

7800 

35*0 

45° 

2146 XlO' 2 

1435 

30*8 

60° 

*0625 

477 

29'8 

75- 

*1379 

211 

29*1 

105° 

*3952 

69*5 

27*5 

120° 

*5586 

51*9 

29*0 

135° 

*7245 

43*0 

312 

150° 

*8695 

33*1 

28*8 


anara fato caa (t) a^asr ar^ to a<ft^i to cm am ca 
to«d cto«i ( 0 = sm^ ) fato a-atfaro a<an t a® aaT^aito 
sa i w atoa ^rw?r aafam fato atoa are aiasm 
to ^arw (i0 taw *rerei 4$vih aarfw tot i 






79 


ftW ai^ltsW a-^TO-BSITORI 

*nmi tos ^tt^\s toi nm toot -ptt^ cto W® 

"tfe 2 fT?r faW ^t^STTCS gW ar?I I W«SJ &K a**fiT TO3 

are <rTO?r to *n$ro <*w snte^ fafosr qi c^a a^aa - 
a-^frran^ ara g*r w to aires toi ca^tro 5 fafag 
TOR 1 faW &K a*a^ fat^a^ are ( t = SF<T^ ) CTO faW 
otct (0=sro) f#s a-^faTO a^aro ta ^®i *f<tot cwai 
m c*i spiro bto ^ i 

(123) TO«ihr c*w farfwar^TO w sorter ara 
aiftTO atara to am asua are?n am i 


Rfrt-12-S 


'srrafcre 
cm^to 
aaahn 
(cafa) 

l/i/ 4 

(sncafap* 

SfH ) 

sa^ §*are* afr?r 
§ara ^Taf^re 
a-?faTO a<ail 
(N'J 

A". X z/* 

55 

10 

24’7 

25 

4*76 

1*21 

29 0 

24 

4*05 

1’50 

334 

22 

332 

1*91 

44 

23 

251 

2-84 

81 

28 

1’84 

432 

101 

23 

1‘04 

922 

255 

28 


(*r) trocs^ a^re asu?«re ga i iw$m o 
artaaa aaHia zf^<t afaarc ca*it tots §acarc? (a) 
afe^ aaT? c re ga ?a i 

12*13: c^srcror TOMt*f f5®fir; FJt«^8^cror 

(610) sqero cwi cro ca X-<r?*ir farea aafan to 
ar$®n (Barkla) afaaa aaTfa^ tor c* r cto catcaa a<RT*[a can* 
a^an caW&a nswrtfop a^ro (Z) aaw ga \ cto^ 
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arsw *ra*5ra ^RR^fa ss, *rrt«i 51*03 

«htw « ww ®(Tm *tf<RT*i spin $oai i 
fewriNta wtpr mis *ra5n*p *hrtc* srraTPra sir's 

aasiwfa* rsttr $e?n §to i ^ c^ cw«n 

nm ct *Rnn*pr 5wa *Rm sirr m\ fato <?(Tre w 

«w a-^fa^R *r?*ij] ctw siTCTiRs ^i*fer srcispnfo* 
$R; sr«ifre iV a « Z 2 53 ( ?rsfNR«i 12*23 bwNj) i ^f^s 
JIsfaRCTST 7{RTWI faM cttct fafaa oHptos *rc*m wi to 

tfFBCT?T WR Tr 4 ?T 3 R 1 TO* I *TT^ 1 R S srrtafl* 

zFfik *rf?RR c*«fl sirr wn 4 ^»rc* Z ^ *ri to* 

^*fE* ScgJl^f ^*1 I *f**^5^TCeT SI ,| 'iT*Pp1Cv&* >jc<iI^TJ 

TO*^ 5 iT® v ^ (Chadwick) »£& *tfssrc <3*®3R 

wr U^m ^gr i 

OT®,fe£** ?$**§©to *t<fhn *f*rf\5 (12*20) toa^M^sracs i 

C**5** 3ITTO SIR *{* <5IC* W* ^?TCvs %JF\ a-*>?«l*5R iWf 



cot sttcr Wnra vfb *Rrtoi ^rp?i i 



5R *W*> c**?l 3^<3?n SORR i CTORJ fawaw* (Scatterer) §*ic* 
&5 5JC* Ct-^fa^l $fT*rf\s\s *ri arawR i to*it*R WOT®! *t«rc> 
c*«ff s&fc 4$i *ri to* i cwi 5H® V ^ 3 * c** *p*m 

(Ring Shaped) *Tv 5 * aTO f*OT»l** toe* W *sER I 
(12*20) to RR' »*ft ^sraiffe *m *!P® t **t?ift ^ 3* 
*r *r*i 5* i 
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S 4^fi> a^5f 433 D 43^ 5513 s ^ I RR 7 4SR 

'«TC3 ’STto 3*3i 53 C3 SD >T3TO*n &@ ^?[ot sRuf®^ 53 
433 3TO3 <&*& cm to m i S «iWf3*j (Vertex) 

COT faM 3r*Hft C^T®1 (Semivertical Angle) twq $$ *Kf 
RR' 3eR ^ *K3>3 ^TPT «OT I 

RR' 43 RCOT S 43* D W^IT? 3(3to SOT, SR=RD 
53 i (12'20) fos cto? sretoR 53 C3 3fc fcronfato *r*$^3 
C3 s TC e i3 ^ sir 53 0/2 43* S cot RR' 43 §to sn*tto 

TO CTO a-^tol D RtT3 to f3?^$ 53, ^STTOT SR 43* 
RD C331 ^3 OTte to*f C3 S TC C 13 SIR 0 TO I RR' 3TO3 C3 
C^R S 5TR^ a-^fa^T?i> '5U*lf'$\s C5T^ R C3R, 4^ ?3C^F*I C3 S FC*(3 SIR 
^T‘ s 3f33 1 r^£> s||4C3 l 

D *p$T 3 &TO §w *fffg?r 5 srt (Scintillations) RRl TO 
RR' COT f3faF$ a-3 s ? e (3 s T3 *1*311 toto TO m i a4**f S 
CTO* TO D RtT 3 §33 CTO a^tol (RTSrT^fe? 4C3 R *TO RC3 
CTSRI S 43* D 43 TOJ 43f£ *ft*IT3 5R3 L 3T31 SOT I 
a-*toi^fai <$$ *ft*iT3 5m c«*f to cot m3 r i 

L 5R# *f?3C3 D RtT 3 §3C3 $IT3to a-3toT?(fal3 *T*3J1 
RTR TO S §**T COT a-^tol tonilTO 5T3 Ufa TO 313 I 
#f D 3^3 CW( 53 ^ 43* SD = R 53, ^T5^ D 43 §3C3 
a-3 s toT3 ^ITmsT 5T3 TO 

Na= ^R* A (12-24) 

4TO A r 0 5 ^ S c^ to (4?r rottc 6 )) a^toi 
to3CT3 5T3 l (12*24) RsfN ? 3 c t CTO* N 0 Ufa TO RR' 3Fsf§3 
§3C3 a-^f«JTO ^13^ 5T3 (A T ) tom TO 333 I 3fr S COT 
RR' 43 *pw 53 r 43* 3^13^3 ?«TO3 3JRT*f a 53, ^TTO 
SfTTO ^ 


(12*25) 



0 

4fl=27r sin-|-4l 
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S RR' C*T SRE^T*! TO 5TTST OT 

11|| = 7r sin— 40 (12*26) 

a 5 ? TO1 *rT*E»f 40 fafa ^?n TO I 3JOTS (12*25) 
0 

jtftan «w sin 2 ^ ^ 40 ^?n ^ i 

cro^ S C5i^ 4n toptct fas^ s?r, 

RR' *fl^r frro a-tfwi sfWsiro to to 

N=^-°m = -.° sin (12-27) 

4jt 4 2 

(12*24) *sm (12*27) ^1^*1 cto* ^nsran 

A T sin-g 40 (12*28) 

A t d ^4 

(12*28) spHwi csrre RR' 43 §*n:3 a-^rro to N 
^31 to i 4 «r (12*23) ^tosiFnr toictjZ* Mstoi 
w i 4 tot 5T*to c*r (12*23) 3to?ro afom to 
c*T'Q?n s?r cn sw a-^faro faw»i fro?r sjfenar 

^r?^s *to i f¥f &jt® fctres «t5fhFT?r D RD gjto 
(tt—0)/2 cttct fan® «nw i D *to af« 43 *f cwfpri 
§»B r *n*ifo® a-3>faTO wn c*fre to (12*23) Jplh^CT N 3 

n 

sfOTto cos-| ST?n g*i to i (12*23) <3 (12*28) 

JR^TO CTO D ♦to afo 4** C^ff^ 5SPF fcwfpre TO 
♦fT'Q?n to 

">3 ! (&) , '-‘-* "•• 

0 ,„ 

_irN D ntR’lZe‘Y cos 2 d6 


Mi; 5 


sin” 1 


2 


(12 29) 
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snappi-aHs ; fawn 

srf? ^rnfvsvo a-^TO$(fara ar«ifs^j Mv*/2 m\ «ttw, 
sstto (12*29) nsrfa^«t cto* Z 8 to i 5IT©^^ 

nafapra ^Tsn, ipm «w c^pfa mm fa*fa tor i 

nsfaro a# *Hto tot fesppWfa muma <£ito 2 m n?ffaro 

*p*f «fm CRfa?[farar nrotfw *rcnrra sirm ^tot *rcnfo m«?n to 
(12*4 ^TT^rnt 5 ^ 1 ) 1 


3Tfa«it—12’4 


CTfal 

nfafRo C^*5^ ^fTTO 

nTOtfa^F *rcnn 

TOI1 

29‘3 

29 

?pm 

46*3 

47 

«nt5ro 

77*4 

78 


12.14 (WSfCTO ^TlTOSI 


TOT?rwTfl§?r 01 -fa wn c®iw n?iRT^ w^aM^ 'TO^sR (Size) 
nro fofft stt«tr nr<3?n to 1 ^plfasro (12*16) w (12*18) 
cto* c*rm to ct c<f*5^ cto a-^faTO ^ q fap&r to 
fawn cwra §n?r 1 w fawn cn^rn 0 = 180° 53 , w? g = g m 

^J^sSf I i£JWW (&*&$ CTO RJRS5R ifjJW *Pfo 4OT 

fan^^nt to fat^n ss 1 ^ fa^re 

sffffcs mi cwjrj to =nm 1 ^ fa^s a-^faro 

*jrj ss v£i<T\ crt& nfa? 43 tenter (ZZ'e^/qJ tot s?n 
qfa a-^?«tTO awfaw nfe ^ Mv*l2, ssttoi *rfa? *rc<w«i ^ 
cto 1 *nsr?n m§ 




ZZV 

qm 

qm ~ 


-I "•■ 

2ZZV 
' Mz/ 8 


(12*30) 


<zm tot (Rn 822 ) cto fas^® a-^faro nfa? sw 
iMz/ 8 = 5*486 fa$-wi 1 v£)wc 5 frrora nsffaRFi cto m«?n 
to s 
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*R*n*l 'Q CTOW 

mam cro (Z = 47) s g m = 2‘45x 10' 12 cto 
ctor cto (Z = 79) s g m =4‘12 x 10" 12 cto 

^*ICnn RTOlTERTn q m v£R Sfl^T ^WR TO1 33T C*T WnR* 

i£R* tt^fTOn TO TO TOf t^'Q fffRT TO fain TO I 
mtmn to* towsm a-farea mfNn ww ^ mspnwn towi 
to*ro sn i t£$ anfan cto a-kw ^it *roafa rtos 150° 
ton CTO tolS *fT'G?n ^fT?r ; 4CTO Rn*IJ q TO SITR q m ^nfl 
tori cn*ft i to cto, §acnn ^sttwtsr cto cnwi to c*r 
crown 5wsr tor g m topfi •fron nnto to?£ 

croiwn to fato wcto tonm *ran i sgvonrc a-?nc¥*r 

•* 

♦Rita cto tosh ^^nrca atosiR $$ cn anm^ w*swn 
nnto 10" 12 cto ni to sn ; Rto anm^n 
TOTfffa ( 10" 8 cto ) W*T TO fTOn 5 R I 

ann^f *pr m*nnwi$ to antoto wn *pa?r cr1®t cto 
& 5to? a-tonn fnf^a n*cn wi roR cn fnc^n wtfr cto 
to» a-tonnn *ri1to 3wn >r*:a nmncto ^wn ^r^icni 
tofa^ ^" i niR ?r*to aTom to r i nmnwi6 mroctoTO 
(Z = 12) to* TOgftoTO (Z = 13) iro*f<F nmro to anl^R 
tot i fto r^tr tor cn ^acnre Rgrv&Tto fac^can 
(Anomalous Scattering) to«i to§ <r 4^R crown RTUR 

*JR S'GTO 5RI a-^W?[f5} croWn to 

mlito ^tfr a^<? (Hc^f c^l^c'o w 1 nfao cn*5wn 

tow awfarojfan ^*fw crown tor wto f*R to fani 
TO, TO RTOCn TOR affa afanfo^ TO TO I CTO^ wmwn 
to caifrr to* tostofa *t*to rnw, toto toi toi 

to ct cato to* to totan wnca *rfao awtoi 
wt crown ^afnTOi at? tokens atoc^ 

crown TO^nl nsr n^nen 1 tot c^n facw rr 
n wwOTvS mm to m » (12*16) «*w (1218) 
5Rfan*i ctof Rm mn cn fnwa cm*i to nrc^ awtonIS w*awn 
to totf tow aicni cn ?tof*t c^tc«i njrosr *tnn 
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SjTepFlRfaR irfwHt ; 

CW5 R <£R ^TSTTiT S3, **t&5i SR C«ire §3>S?T CTOI 
$rgmfa^ fare*! c'fqcs *!P3?n ^iw i *irrcsft\ 6 ^ f^ren 
ot?r (0 = 0 C ) sin c«n^ fare*!^ *rasiT*pr ctosr wrc?fa «a*ft 

•csn^l# *!fasiT*f I fsfa »TO WI CT siIWffjRIR, 

^sfn^fsifamsi a^rs fa$ Z-tf*^ ctium <^*5^<i ^irefa 10" 12 <Rfa 
«rc*ran ss i 

*r*ts1 ^pi rto*! *ratm ^n-^rc^n fafssr c^fsot ^tr*( 
stct *ifas(T*f ^?n 1 oti ^ra <r *irort csitoR 

sc<r ^ s 

R = r 0 A x /* (12*31) 

r 0 ifraffi hr* i fafwT <rpr *fafan (M^ r 0 *TOTfifa sir 
1*2 x 10“ 18 c»ifa c*rc* 1*5 x 10“ 18 cstfsR siwi *n<m m \ 
?roSUR Sfif^ ®TW ?pfte SIR sre 

r o = l*2Xl0~ 18 <?ffa 

(12*31) srsifaRiFBr afo*fsr fat*R *s**(far c*®5ct* 

=qTTRT*f (12*5) *!R*ites fsifw 4R1 3STC5 s 


12-5 


C*lfa 

A1 

Cu 

Ag 

Au 

U 

A 

27 

63 

107 

179 

238 

R (c*rf3r) 

3’6x 10 -13 

4-8 xlO- 1 * 

57x10" 18 

676x10" 18 

7-44x10-1 8 


12*15 a-fasrifa vyg 


(12*6) ^^rec 5 ? cff«n pics ct c*r cssfaps *rrt»j cw 
■a-*fa*l fas^S «t 6 C*T fa^sHlsT *RSN«(<T S3 (Af) 
arcfartf *Rsrr^ a-^f^R ctt$ S3 *ic*rcn C3“ft w 
M> M ± + M a sfa i 4 *itr M x sre #i^ *ra*n*fa S3 i 
a-fasffa *f?33R (Disintegration Energy) sir ( 12*10 

5RfaR«l S^fal) s 

* Qa — {M — M t - M tt )c a 
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m 9&T *fa5?r 

$$ <?i% fas^s a-afaaaa afa*tfs? fsarca areai 

am ; TO*! W ak^T 6 ! 3 rW C**5Cam af'sWa 

(Recoil Energy) karca •hot am i 

(16’9) cwi arca ca i£Pri$ ca^aa* am awa a'as’ 

caiSa fa§sfcaa w a^aai ate 5a » caT$a 

£^K teSa^fa ca^HCTO *IWJ 'ffr^TCa STRR am 6 ! 5ff§ ^Tffm 

srcajaaa ca^a^ta srR^ft ac«m (Nuclear Attractive Force) 
ten i a^ ^ sr^a ^ ate (am 2 x io~ 13 cak ?fte) 
telP#r 5a i §acar«? ttp-akm (Range) sjcar i£& aff?ia sift 
f»Tff srrek to TO’aa $n?ra? <a*ft saa sa i i£& tort tarn to 
aaa^ ^a afuto 5R i *m»n ca^am teaaaa 

cartel srcai tetet araa tarn to crorcro to kfih 
fate 5a i to ^a a«R «[a '©Tat crocam ctoI: ate afaro 
5 tf© aim i to®! «{a toI ca^scam acai conk aw3 ate 
ca*?! sm i ^aa <5^aia ^a^ ^smt ca^itam cai^r a®an afa ^ 
^am* akarw to ?rr?r sstto ^ <?wfta to srcfa wwfte 
^smm fa^ffr sa 1 (16*6) c*rai arca ca cw»5 

aam aas ^ 5a, ^©ra acaj^m car^-TnvSsk^faa cte> *©<t ^aan '©ra 
^aif^F *©a-5Ta VC's' ca*fl 5 a I ^pRT* v »l^t CTOi^faa W® 
i£isr 3TTO1 5^© arca ca Z aw carfrr t$as A T a^na* tete a*asr 
cw?i ^a, (Z~2) aw caifcr w (N-2) a*w 
faajta a*a^ isia 5 ^ ^caa»i^^ ^t»ri ca ss 5cam *sa i$a< i3^c> 
a-atemTOaate «n:a^i caat 5 ca am i sntfm M ( A , Z) > M 
{A -4, Z-2)+ M a 5$ i aaa ^a *n$ && ^ 
i£i^fi> a-^fa^i fas^s ^[fa^©a fpi^TO 

c^aw atarsiw sps aica i 

ftRJ c^Ta ^mt ^^a a-faa^a a®aaa 

5j&<i, a-^f«RT^ fas^v© ^am aw af^a^^'Q arca* i c^s^k 
^aak^ acaa kmm <pca c<?^c4a fa®a aiama^s 5 v c imi^ 3m i 
ca^wa fssaaaa cank w k^a^r caa ^a^ fro a^aa 
(Potential Well) TOi TO^5_arw i ta^f faak^ aroa 
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toa ax*f i£i^ a-^toi c*®BC*a aT§:a to$®it ww fa^caa 

spqpfa sa i a-fcmito totafe i£i^ afcrcn (Process) f^croi 
amc*r aiT*frafr sx<r i 

to ami 3Rca(Z-2) ctn^r w (A 7 - 2) ^s* 

<^s«gc^ te*F QTfto Cowtol *WT«$ fsrs^s w E a srcto 
*fc? jpwjjt i£i^ a-afaan ami sa i E a *rwm«i\55 4 nw 
7 fa-^-C'oi sa i c^*3C^?r a^s srftoci* $fTca ^cTa 

v®v 5 <psitfa V = (Z-2)Z'e 2 /r 

«(K^ I if& SRTaa 5 SR 1 sptfTC C^HCTa 31^X3 

<gv® aSTSfte fo5* «Ftm 33 I (12*21) to *0OT *OT 

a-astoTa ^tfaatoa cerate swH® scacs i ter 

C^*SC^I afea f*m AB Ca*im Siai toto 5X3^ I 



^P5 r ct&hot ^rPTT^f R «icw aR 33 (r<R) ^ 

»Rpn waa* s3s am i (12*21) to OTicam $i«mtaa ^ waa* 
BCD caaia srai toto scats i c^scam to 

(Surface), 3r«tfia B top?s f aaima* f®i¥ 

V s = (Z-2)Z'e 2 /R ^ i ^Tsaagai'a Ra 226 -4a 

a-faafoaa srcw ^ Rn 2 22 ctofrt to §*itoc5J $«m 
am 34 fa-^-csi sa i Ra 226 fas^ a-^tom “fa? 4*78 

$xaa* team sa r 
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'Q crop ^ *ito 

<&h a-^toc*p «w c^sot f ®ro src«p*r w 

^«T^1 tog C«IW m^US 5?r, TOai? TOfom «^isl 
to st^sr* "if^sF B fa*j£a *gm Htoto, V a 

TOirffor 5RR sre to • ^1 sn 5?r toc»t AB BC c?wi 
faf srac^T, re tor-afaro** (Potential Barrier) 

toj, Mfaro to «rf^F sn:*m c*r*ft to, to tot 
to 9if®"i?5y mm to *ro i ^rirow 9 ! *rfr arerfsra* 
*rfe E a toto ^ FE c?tto toi, toc«t E a <V a ^ i 
4CTO STWl tmSTRl TOJ, *tfre OR ^IWl m$, *OT1 

HK «ratB[ «nw, to^*! ^<t ot$ *t% 

^twi 8fTC¥, <w 43 *jtoi^ ^ i ?to- 

ato*i* (Potential Barrier) $r<re RH *mk?I a-^«TTO cstt^ 
*ft? (E a ) <s<r ^psr $?r ; tot ^ ^roc®! a-*pfaTO 

9ifvo»fe ww to m i srfrn to*t& i tot 

5RT\siT <5jto s^TOt F s fJTSFsS 

a-*p?«ren c«iw ct&sctst T®ro are*r to® *ttc<t jti *n 

C^sag^ C$[C^s fi^f® $.C® *!TC?T *fl I 

CTOFto (Quantum Mechanics) 

V s «itw fsr5Tvo<r aTRrfsw *rf<? tost a-^to c^*5*p ctw 
t*T8^® 5[t® *rem C4"bC*F9 SIC*!! aW*I ERIC'S ^TTC?T 1 C4f*iw0w 
^5 a-^tofe isi^sf& f^TO <?F*n 53 I TO*3 
a^f® canteTO *TsftTO (7-30) TO1 fa*frf?T® 53 I W«T ^CST 
£TCTOr! faTO3 m 3?TO #f && TOtTO TOfH ¥31 TO, 

^ c*! ^ i£i^fi> a-^fro asfcsr c^ac^ sn:«n mm 

^T5J5T t *m *rar (Potential Barrier) 

C^if TO C3#^ ^T^C<! ReT ®IPRT3T sftfsr® JfST<I^l «ifTi^s I 

^tncsn (Gamow), ^ (Gurney) <ii^^ (Condon) Jrtavr 
^TC^r C*PT?IH$TST *T^TO *$.^3 a-?^T 3ITCT1 

TO?T I ^ ^spiral a-^f«t^T^ ot WCT fTOT- 

zfcsmm s!«jt to m«r i to 

a-f^iTOW ^ m ^ atsF?n (Tunnel Effect) \ 
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a-^TTO alerts^ *fi& <srk a-ksTO 3 ? c$*is(C^ 
^flfoftTOWTO (Half Life) to sitM®^ ^fT'QWl 
to i * (12 *9) ^c^cff tori c«?wf5 c*r ^to w r$m 
*r**0®lW toHts fetes® isfea a isnffi ?{*»& (5pi\?RW 1212a ) 
«ntww TOfe*R i a-fa^r ®^ ^sraft irot 

(Disintegration Constant) sir *fT<3?n TO s 

l = Ae~ a 

vfi’TO mft tm, G frr©3 to fTO-afisrocTO &$®i w 
a-^fcfTO «rt^3T ; <£^ *T?3F *1® TO? G ®® TO, 3T«fa X ®® 

«tf*W I *TT^RRTfcra spR 5RW ^ tWOSRI *R*tf® C*F*11 TO I 
^TOTS* ®C^I 5TT5TWI a-*T?^ TO1 aTsfcTO SRJ B^CTOT 

t^^pf afsTOi *ffir*n&T<3 toiji to (12'9 g^i) i 
( 12 ' 21 ) Tra cto croi to ct a-qfaro arcfsR* *i% to <r 5 $, 
®®^ csrffcv a*fs®?r fa®^ af®^<F c®*f ^c?r c^*s^ cto 5 fas^® sx® 
^ i ®^ ^cro G sir ^ nm i to a-farifcrcr 
^f^T^rrol TO to i TO®1 a^®*rcw fro^T TO3I®1 (Probability 
.of Disintegration) frrttfro X fasifr* SPTO TOl 1 CTO£ G 
WtJlffi e~ a (Exponent) ftpnw ^osjr top, 

«a?r toi afire^r toI A, f^pi afiRic 6 ! a?<re?®® %$ 1 

1216: a-aftr vfWH* ^; W *r*r*fal *p*t* a-VPt^l 

TORI *JC4 CT 'SHR^ 5 ^r®T?TO C®^? 5 !??! CRtcT C^fCT C^R®T 

faW *T% a-^f*ff^ W® I TOR CTO CTO 

aflCTO CTO v£WlfTO faM «lfc aRH^ fej® $X® <X3\ 
to 1 <sw$ a-<rf*if^3 “fisR >Pifi ^sr®i cto a^hRR 

3$ C*T a-^f«I^l fRSRT^^ CCTCT* ?<IC*R “rf^SR 

(Energy Level) CTO TOW c^SCTOT 4?f& fac*R 

^iwsipra spc^i ^gs ^ 1 

?rT*f «nf«f CTOC^r c®fa «fwo (Ground State) w # 1 ^ 
ctoc^^i c®t*r to wm ^d» ®tot <5^ to 
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*RWT*l 'Q 

*ifa? 51 *^ a-afai^ 533 \ =#f 'srrt'r 

c^rsc^t $*E5f®r5 ^Rf*^ csfar 

sr*$r shrj ^sri $rc?*f c«fa *3*$} «w «rW ctoi 
fete 5ji c^fa 5 R*$r src<j *wm *rcfr ^^pitw fate 

*fa? ^sr a-shr*^ *rr«5i <rcs *tcr i tehr wsR^teF 

’TRR'TSS ^ OTT ^<n m s 

W snfa X^ fete *r^i c«n:^ a-^^i f^s^o 

5*tr *fe?t srete Y 4 ' 4 CT»5tf & c^ sr^r te 5R (12*22 fra 
5^1) i 5^tes aRsf«m?[te “fe <£Rt sr?*r> C^ , 8OT 
C^fa w siWI ^RSRFR ^ fas^ £RH a-^s *(fe E* 0 
srcwi <R“ft 533 I a-aW^rapl witare (Range) &m 


EV Ely 


% 


far 12-22 

vfV ’fsprfai *i»to a-^cw^f i 

\ 

9jc^ wfcn m *nte <R*f} 5 ? i vscpr 5*n ^ *IW wfl*n 
(Long Range) ^r**^ a-^tei i OT* ^ctel (Intensity) 
s *ir a-*(TOr ^sr ?nr i *itcrto RaC', ThC tr^f« 

fas ^efteFM 5PW WT«1 «CT$ *IW wfon 
a-^tel f»T83fo 3R l fes?ras«*f ThC ( x = 3 x 10" 7 c*lCT« ) 
«CT 12*6 TfRfe 2N35 a-^teT^ fas 3^5 5lv CTO 3R I 

fe *n?r«it ww cro to-ct ThC' c«rt^ fas^s 8*947 ftr-^-c®i 

«ifa? sf*rR a-*[wr ^ero *M »wpfon srihj y&F$5$ 

vs)s)ol 5?f I 
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fafafas ^Tr^n m \ tofers 

*nfr ^t<t 3rcg%s ^isT^n 

m& l snfrf CTO?® fefsrs 3(^1 wu$ y-^H 

Ey, E” spfjfo to c^fa *fa?TO srcfffars to a-?fa?i 
( SWH ) f^fS^o ^?TC^s nrra • v5C'ot'Sr s >s '^hTt C?*5? c^rt? 

(7USfT^f®f a-^sTRic'ra ^mi §torf y-^spsiFRT totcfsi 

5s i to*i cto crow?r §refsF5 “faro c*n^ y-fa:*Rrc*Rj 
sir 10" 18 <?tcto<t ^ ^ i ?tcs?§ 
a-fas^Ef stf-sffoTTOI y-Msffc^TCSRT ^C*f <g®Ffa 

*VS$i— 12.6 
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*ra*n'l « jw 


WEftfS SC'S?«r'4 ^ 55 , 'JI5J5I 

«PlW CW® 10'” C3CTC83 sic*fj Y 9f«J ( E\, E" y 




«* 



r: 

, 



rT^ 

L_ 


yA-4 E^y E^y 
Z-2 


fra 12'23 

to c«ta srosrcr si^rfsrs ss i ThC 

(x = 60*5 fsfaS) c«ic? TO 

^t?t • 


*rtrt—12*7 


a-*fe 

«nwfa* ^iterei 

6'200 fa-^-c ®1 

27'2 (a«fWf]^) 

6160 » 

69’8 

5*872 » 

1-80 

5-728 » 

0-16 

5*708 » 

110 


&TO 5frc<?rrfW croft *fR? w U*f*i 

TOPITO TO Y-^H CWl^SRT “ifel TO MW TO 
^?n to 1 q to (14*9) «nw stotfti ^ to i 


*1 fesge? 13 

flffel sd%a ; ftft fafa ^5 

131: 0-a*f*M* e/m 

C^??w 9(jjnf fag3^s |3-aW Ca ^ *fe ^C^ta if^l 

Tjtf scare (11'3 g'Sai) i a™ fat afaaa 

ott«i top? ca (3-aH af«w to smiaarst iswaana afaan 
amra c^tfsi a-aW $fc*w §s?$a sa i *tca cacTOri 
TOa ca ^ ^aaa^fa c&tw cro a-aH to ca*ft Taps 
sa i i£ia cto 5 aaife sa ca «a*[faa ^ a-af*na ^aia 
aR i cacTO*i p-asfeT^f^a -e/m ca^fi? ssrca frtfa to caaia 
ca ^£i^jT®t s$5 ^wa^ta i cacaca^f i $iTa'G ei^a acaa ca c^f^a 
ftqrfs j3-aJaaT^ a-afrma ^ aaca*t a**rsa sa ai i 

awF v a^ (Kaufmann) araa faasTat aic*r *tfma 
a^a^Tca fWaaaa e/m fa«ta acaa i ^ia *\$tw\ aia^i (131) fere 



far 13*1 

0 -af*i^Ta ?/w f^oe aai wa^nwa *iaHi *1**1?$ i 

ot? 45 scare i A t<iaf& «(a faa a^5T*f a**w ^Taa» snara, aia 
acai 9 tfaaT e i cafeam 0-fcw (S) fsarea ai«n arca* i few caca 
fa^,p-afaaa*[fa *p areiaafs ’srfns P x w P a ^ ^isaw 
am cw$a aaia^l ^c®r sca*r to i <$aia care fas^s sea 



94 o c?*5? ♦ftrcrc 

D 3WFT3 (Diaphragm) ?55 TO 5C3 P C^FTC^l- 
SITfaF^F C?lCd3 ^*13 ®fT^5'5 53 I 3R5I 33ffld i$?1d J^|(43 N,S 
CW^ffo swwtff TO TOf*8fS «(TC? I cfiT <F C?ff H *[®C?3 
tor towstiot /HFfrrara *ifo*iW3 fami to i P x 

<£RK P a cad ^ 3WI ^5 ac®*f ( TO? 3T3S C«T*d *ri* ) 

£it3ffi TO C5fa^ CTOS3 SiSlWSTM taTlfa 4?fd fcf^TOf fcw 

??n to i 

3?<r p^fmit m, 'snsfT'T e*m am v 53 , H c&fa? 

tfVttm 2TSTC3 *[§rt?3 aT^T3 '5T? i S®fCiff ??*t?T^Toi<J C3 Ts^jT^s 3td ^>T3 
ahmm e/mv *rc«nrid3 TOispnfa? 53 I sroraw X fcffcTOr 
P-?fa?T*jf9|C? *[$C?3 ‘ s> fTW<T ^sus^TCfff faglS TO I fagfo 
e/mv* 3ft*ntfd3 ^raT^arfo? 53 (2’8 5®d3l) i 

^vsl CSfa? (£13^ ^ST^a a3 S9 fC33 3Cd I W; 

sfTtfm (£ft *mHl dro 3*?? *RT3[? 3?TO (Positive 

Rays) totH? TOR tenn TO?S3 si^Kn ( 2'8 s^W 5^1) i 
dsPR ?^? '5f^f 6 ^s &3’' *f?fN»l ^IC®fMI ?TC3T C^f^n C*1t* C3 ($3^ 
«nwfw '5fT3R f?q[ f3f«3’ C3?I 3*TO *H1 V 4I3 J 'OlfsH^jfffT C^TC^TSUf?? 
cards §TO (£i?fd srfsfSTTO (Parabolic) C33l TO i 

^ST'QJEF Sfl^'Q \s>m *Rfh*r3 WiN> $>33 C®fC? ?*TS^'o |3“?f*f?T1[f®1S C¥OI 
5pp»*f Wsf3T?T3 C3TO Wr*fa *1H I 43 «E? ^FdSTCS 3^33H 
53 C3 $>33 C3C? |3-?fa?T^far 33 3TO3 ^ sp . 

C33 4?dl fair'd 3hlT3 3C3J 3?*d^ 3TC? I 

$33533 STo 3 s T y 8? s 3T3'Q CSft?? CTOTS fif? Isas'bsspit TOT 

tos mti to >5?fd ^rf q$q C3^ w (13'2 t^r g'd^i) 

t£|^ ^ C33T3 SIKI^T^ ij^? *lhwin 4C3 ?voTh 

C3?f ^f®^" ^-?t c I?T3 ejm WR^f 6 ! ?C3»T l f'SfiT ®T^»I ?C3»T C 3 3f ( t'Q 
sf^39Tf® jS-^TO cto ejm ^ceT?tc?T3 e/m m am to 

53, 1(3 g^lf^ jS-^TO CTO e/m (£13 3T?r ?3 53 I TO'Q 

TO TOR C3 C^T^TSTlf?? CW $3 ^d 

3TO3T3 C3 ^a?N5^ 53 (7f| ^*|1d f^? ^33TOT3 

(Parabolic) 53 ^ ( 13*2 fra S'foj) i 
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#1 <T?*P ; #1 ^ 

CTOS 5RC$f efm i£& CR 

raR ^1 'qlRR o t>ifera faE*re ^fTc^ft^^ST^w (Special Theory of 



fra 13-2 

^T'Q^F^TH zn% ! ®T?*rc<C35?r f'iPf*!^ I emfa C*T H^5 ^5 0-^ s f c R r RT 

c^cff ^f*r^?y wc<p ‘ p tfw e f sra *rr?r 1 

Relativity) cro ^iT*n rt?t 1 sr^praff 

i^\ RSR ^ 3$, ^sfr 1 ? **£pn WiTm C^e^ 5^5F $$ 

(v^c), <5«R ^ *(T?r I sfa m 0 $$ ^fa^fsRT 

i£j<^“ V CTO SST'Wk wT m ?$, (8*25) 

7 ^^ aqqrtt *tm\ *nk 


m — 


m r 

Vl — v*/c* 


£wtar *m sroi ^fara era fa-$-c®i (10® 

^-c«i) rt?5^ k.i<*\k ^?°i<pw tot v ^icftic^ ctori rto ^>®i*fi?r ^ 1 
*tf^ yf B ^ ^c^§cr?t c^cq ^rat 

<53 *(bm 5?r 1 ^<roe^ 5i rnfa *fc? ^ 
sjsfara (^n a-^?«ro) era to v to *rcwi 

<psi 1 cr^rj i<jctt?i era <5?r ^?n rt?i i ^ttsto^pf 9 ! 

4 ? fsr-^-e»l tawiwtf v/c^O'943 w m=3m 0 3[?f; to* *fe*F 

imfo v/c^o om 5 * mt, fowfa ss 1 
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OTW ^ e! m 'Q ^o 5T 5 ! 

*tra i ^t<3si\sitpto ^Rfhro e/m TO ^ 

COT'S <£& *fa<r&T *rf&^ '®m ^?r far i s?OT e/m 

2Ff$ ^nft ^ fo?q fatfas^ '®rw far*ftf^© 

*hi 2 [?r fa^ 1 

Sb& c^cq?r cms /3-^fa^T^far ^d sifafST^TS 

Jfl ^T<T <FT?r c T'Q ^ «W SrefafSfH ^ I £*W6 pM 

^[faf<J$ ^TCfff CW^fl cm. C*f WfcST 

s 5HT^^?r^ stctost «nfafa* snc 5 ^^ WTPRr 

&srca far»3*?ta (2‘24 3 ^^^®! s'&fi ) 1 tf*F ^rr^rc^^r ^ c^h 
^btc®! *rfaref\s\5 ^c?r *rra, \s1rc,=i ^pfrss ^^r?? < 5nf c ife^ ?{**& 
awTefi *n 1 c^c^? ?r«^ 0-^farara ^ 

ct^sfo cwt a cw^Tsnt^^F csrcfo cs^rfifrs 

2 £t*® *rrc3 *n 1 

13*2: ^jitcronir *ffw 

W*F N src?ra *0 ^*rn£3 (A. H. Bucherer) *{[s& 
fonsft *j&ov wi *p jS^ww e/m tan«i srj 




H 


©■ 0 


fw 13*3 


p-^f«i^ra elm srj ^TwiRnir *ratoi *f5ifa> 1 $+km fear 
C5fa^ C^ZHT ^fas^C* 1 ^ tiW *i*l(,W facif C5lM4 ^wrs?nc®T 
awfta /i-#im;fa3 otferc *w awfafo scsas i 
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3fai ?jH3 ^5 

^3!T asto ^WiT® ^gTfavs *PE?R I i£}^ *f3lw 5T31 C3CT3 
jSrefwa ^srea •tTsR^T'e nstft ^<n 3T3 i 
*[3Trere3 *Rto 313*51 (13*3) fcra atf^r© 513^5 i jS-few 
f5*nt3 3J35F5 $r**f afwi crfegR reto jsfft* ?F*rr3 

3T31 afeia <£13* #T5 TstTstvo *jt?w (Condenser) cwdfol 3313^1 
*5H?T 3T31 «ITOT I ^ (?rf«£fa$T<j 3JPI fafapS P x 43< P a 5RR?n»l 
cs$ gfiN siwito 3J33R *[3 5W (0’25 fafa ) 3T*n 53 i F 50^ 
«£|^ft CW^T5rT?5F^ faF®pi *fTto 3TW C?tS ^?$re 

5RT^l%l'»lfW C3faj^> 3>W iflOTSf faRT31 C^ire 5 C^lfa I £pT ’SJlfal^j ^31 53 • 
5R5I 335?$re i£l3sft «(3 few 3T*{5Ta *P*f;3 3TT3TC33 3WJ 3T31 53 1 

P x ,P a ca$ gfi>3 tou ^ fa®3 ac®*f araT^r 3*re (13*3) ta 
fare »srafS ®f®W 5 ararc 3 ?n 53 1 ^tstvsi cb & 5 ^ 

3|5I1W iswffi CBftp* CTO« atSTO 3-31 53 I (3^3 T^glfe <S3< 
fapfo ^ 3^33 5Rra3ro3 3 $ 1 c*rcs^ P 1 43 * P 2 c?n> 
^$3 aT3**t?33 3J33T3 *[3 *3, 5RWW' C^e’T 4t33 ^3 ^RPEITOT 

fas^ ^reto^far *iT^c^?r r®js?t c«rre 5E3 F rerctoto 
fasjOTT fare ^5PT3 5 re aTC3 I ^^PTORT aT3*TJ (Inten¬ 

sity) 3fa X 53 , ^T5^T e *lT3R3Hft 0refa3T3 §*fC3 F e = Xe 
^if^o 3<3 ^ 3C3 I i£)^ 3C«13 SToK3 CHUQ fas??© 

jgrefa^far (13*3) fara itei fare fa^Fs 5re 3T33 c?ra>3 Sare 
53 ^3° ca$5C33 Rstfvol «rw c«ire fa4© 5 re arre *n 1 



CSfc^s C^OTa *TO*f 0 C3TE«t fas>re 0-3f*l3T3 
§*0 C5^*^ e^nra fa?n 1 

i£WT H C5tW 3fa «fl*PT 53 C3 F m C5fa^ 3^ F e 
^3*R 5RT?f ^ faa#^«ft 53, V5T5OT ^ a^T3 3«T *ra w RTC^ 
snt$5T ^re v£13^ ^T3 ?Fre 3T33S COT&3 TOTP1 fa?^$ ^fat^T^fet 


7 
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*f33T«[ « CTO3* *f?353 


c?rto3 w cto* fefo 5re m3 i C3t5^ H csto c&s 
3T33* C?$TO3 ^3 33W3TS3 fafe> to fel TO, ^T&aS §*3 

cto fato to jg-^to^fer ^to to w csfe* eras 
SJSsfo CTO to ss ( 13*4 fe S^3J ) I 3?tf C5to CTO3 3<C3 
0 CTO ?3S^ jS-^TO C33 53 V, 'oT5E®T 3*?3TO &TO 
f£F?rr*fto csto 3*f to 



Hev 


sin 0 


331 3T3* C3 V iflSR 53 C3 ^ C5fa3> 3»f ^3\ '©Tfa'© 3®f 
F e — Xc *f3*TO3 33H W,feRft^lt 53 ; stfr* 

Hev • a y 

-sin u = a<? 

c 

5^3 v = cX/II sin 0 (13*1) 

3?f X 'Q H faW 3TC^ ^©ITO §33 C3C3* 0 CTO 

^31 C^3*T (13*1) 33^33 TO! tofe C33 3**ET 
3?to?(fa 3T3C3*3 $F&I33 CTO* Ms© 5C^ ‘TO I 3T33* CTO* to'© 
53T3 *33, |3-^t c T3T^3 §TO C3^3*f Cfcfe C^5 fell TO, 
fen TO 31 I *pC* 1 C&to CTO3 tfTO 3tor*[fa §*1C33 31 



far 13*5 

0-^fera swc^rt ^jpiw 4 fe** i 


5te3 to f3JI^TO 3 to *fC«l *i?3533 TO 1 C3?3*T 0 = 7r/2 

C33C3 3%TO{fa nC3 ^533 TO I i£lpr3 



jffSi ?rf*p qsfasft; ^1 farfa ^5 
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(5*0 taT*fta d\^ m w srfowfcss to (Centripetal 
Force) a<T*at<Bl 5$ W <$OT?r fapfo 3rtTfa* ^ i 




Hev 


mv 2 




mvc 
r ~ He 


*n$t^ ai* csrre F a*rra «$re l w 0 = tt/2 
OT:*! fatf® faglfo 5TT d, 'sT^PT (13‘5) fra cw 

«nsRn aft 


(! 2r-d)d = l 2 

§at<r aro ^rsft^ 5I& c«rre aresi qra 

, 2^cc? 

e/m ~ H(l 2 + d 2 ) 

( 131 ) «ct 0 = tt/ 2 arom ^ 

e / m= H‘(l‘ + d‘) ^ 132 ^ 

ftpcpra ?<i§»jfo d afasua ^ ejm Ufa SRn *its > 

a<ft^T?i ssf^pra c*ra siafsre'fe's «w 

«*ra^ f<jf®^ fcp fasfo /3-^fci^fac^ F (^n^Tsnf^^ T^pri 
§ aET SfTafo^ TOR ^ I fcjnsplfeF liftvsTW f^|^«l ^5 siT>Jno 



©. 5 a7 s ^ 2 ^ 6 

fsff 13*6 


^nnra arg fscra ?;wfa 1 

(Exposed) a? ^w*ra >8 csfpj faaat^ft 

5?r w ^?r 5^ fspffjsito w ^?n 1 

faspito fa^\s ^§r (13 "6) tea ®rpfa atesr 
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*133T^ <3 C3*g3 5|&3 *f?353 


(Symmetric) fTO«n CTO5 ami 3T3 i (13'6) far CTO* C331 
3T3 C3 0 = 7t/2 cwi snsre fo5^3 C3*gft3 ^ 

^3* fa^Fa 53 ; 0 = 0 31 7T CTOI f3p?v5 fair®* 53 I SJ3JT31 C^TC®! 
fa£ft©3 5fH §at3T*F ^ jftsjRr TO fa33fa*T a?33?^5 53 I 

f3ic?rni3 asHra sf^pwr 43 * <siw cto3 3T3 
^33 ^TM ?3*frf3^ ^31 53 C3 X/H = £ 53 I 3J53TC (13'1) 
asfta*! ^ 3 T?ft sin 0 = 1/2/3 53 I CTOs? j3 = v/c 43 ^ 5^3 
3T3 1, «Fs43 0 CTOffo 3J3va3 3T3 30° 53 I 333*1 0 < 30° 
5^T 0 > 1 53, 31 3PT33 I ^\s3T* 3fe ^C33T^ 0° 

CTO* 180° a*fc 31 5E3 afxs^ 30° WW 150° 

?3^ I 

43TC3 ?3TO*n:3 ^SWOTtl C3 fap«TW3 fcsaST ^TO31 

*frt>3 &333T3 C3*t 3*^ 0-3^131 3T31 53 I 

3?3 3lTCafaF3^T3T t f®?l3'a §C«T3lifc33 ^3 at33^3 ?3t3531 331 3T3, 

(13*2) 33*13^3*1 CTO 5 m = m Q J Vl — fS a 3?3ft3 ^fT'Q 31 3 T 3 


e _ Zc 2 Xd 1 
m 0 ~~H*(l*+d z y VTXJ* 


(13-2o) 


^3TC3C33 a#3T3 3fTC5TTC33 C3t^t3 aT\5-W*f3TC*T afe C3SI 3**^ 
(v~0'lc) ?3C3 a3 < t , 31 3F31 53 I ^TCafa^^T 5 ? ^3TC3 

4^3ia C3^t |5-3fa3T3 ^»3 ^*I3^F?3 f^3 TO3 ST3 7/5 *[3 
C3“ft 5'G31 §fas I ^3TC3C33 a#31 CTO 5 C3C5T3 3ftC?f 0-3?33T3 
^3^T3 ^fTC‘ t lt^»3 J v5T3T p f 3fr[3T3t ST^ §aC3 3?$ ?jpJ3 *T$J^1 ^»T13 
at^f 6 ^ 53 I (13‘2a) 33133^13 aT5TC3T f*53 j8-3fcl3T3 ^afel^ 
5TT3T3 e!m 0 ?3*f3 331 3T3 I 4§<5TC3 3T$ e/m 0 43* Sfflffij 
aSffotfc ?33ifas |c®T3^R3 sjTCafel^ 31T3TC33 3TC33 3131 <5T*r 
aT<331 3T3 1 


5TOE33 ?3f ZFfifrft f5*T I a33^f *JtfT $d3<3 

TO 4^33 5^ a?35T3 3C3 ^3v ^3 33 3535TC3 *33^1 
TO C3W3 /3-3? e TTO ^53 ^33^3 «{3 3%=¥«TC3 *tf33Ta 3^33 
^3< ^rfta^3^T3Ttf C3C3 3T3 ^t33 3^ af33^C33 3**$ 
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#1 ?tf*P ^ 

OT 6 ! TOR I lift 3TO c?TT'SfT^r, 5UT^f^5^ «*W 
CSTOT"?! (M. M. Rogers, A. W. McReynolds and 
F. T. Rogers) ?TO3TO toTONJ i ^T?n RaB w 
RaC Um CTO faf^sr *ito^ 

(Conversion Electrons) TOR ( 13‘5 sijjc^t g^l) i 
«t|pr csftr* c^er sc?ro to ito<t sscto *ff?RT*r to i to 
Wife fofro ^pwro to fagns to ^ i faW 

2TC?TT^ ^<TPI *RC?pft feswfi^^psj 4$ fo?TO 
to tot sto?to fas^s sre “ra i voters 
to jS-sfaTOJws* e h n Ms to i 

13*8: 

TOHF;*rR i£)^ TO ?[TOsr sqfare *f?fN CTO 5 ^f*$?RW 
asftjRR JTff CS CSSffaFS TO< CTO 0-*foCT*[fa 

to *f?<Ro?T*it«T (Continuously Variable) “ft? 31 
cto *tsto f^s^s ss i (12 - 5) ^wsw sfas cri** s^Ipts 
(M agnetic Spectrograph) 3 CTO ^TTSTCSI 0-^faTO CSTO’fcr 
(Velocity Distribution) Ms TO TOT t 

smsOTS W afoPR (Rutherford and Robinson) 
fcgTfS'S v£)§3i*f i£)^f§ Setters *1*3 (13‘7) froff wrt’TO TOTO5 1 


To 

pump 


far 137 

afopH &T?#Tfa5 C5h^F vfrlfaw VS I 

S ^ to, m §to 0-Mtof re^fes afeis 
sure i S fcro cto jS-^roi^sT cro®t wrcit 
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*rpit*i <3 cwf *rto 

(Divergent) afar^ fTOW A Grarfea* toa to 3$ 1 
fo^TO toiler <sto CTOS 2im,3 j3-^to^to 

sttosr sra *n$ 1 «si^«ict ^^stto *f*r ^ftorc ^?rra 

TO 5f«n^5 STOPS fato CTO *r**fsT ^TOITOt P 

cw^tsit? 5 ?^ 5 csn$<r toa fato tore croi 

TOTTO TO I C'sSrfaTO ^f f fT s $ C^TOT fassp) 

CTO ^PTO" /3-^pfWT»[Tei CBClhr §TO*1TO fa to ^SfTTOM CTO1 #fa?F 

CWT?5Ts TO I to S C«fC^ SITC^ CTTefrqfef p CStfo 

to srmto ?n to© *rcc?r c*ft«Rj sitor stto (R) srai csr$f§ 
toi «fTc^ 1 *tto ^ to sttctcto *iwi 

TO? 5 ? 5 © ejTC^F l 

j8-^toT9jto cro tostosiw ^ito^roftsi, 

toSRF OTOTPI CTOl^ffl CSFTltoto CSfClfa v£)^fl> fa?Rto 
itfrafa 3fp£ I CSftSOT toto TOOT ^«trto C*T CstoTSTCF 
*n< 3 ?n jto ^1 toto toot ctoi smsr c*r to wot 

csrcifa toito are fato stoft torero srapi^f jfsrsr- 

to^to «tw f^lfas© (Blackened) sir 1 cstcfo 
to?r fato *toot wi ^toto *i€toi *[*ot to 1 43 wot 
sretore to c*r toM / 3-^wr^to cro w “rfa? 

*1^0 wot >£ 1^1 ^$*r ^rr?T aTO fatTOto^ fags to 1 
fato cro spw p-^toro ^toi to to i 

OTrcfrsnfcOT cacifa tow «*ref& ^n^ira-siffra stwitto (Geiger 

• • 

Muller Counter) ^totot TOOT 0 -?toT 5 |to siwil «i*ri toi m 
(15'3 «i*[CT?*f 5*^1) 1 v C3OT fas^j© (3-^fa$re toa H ceto 
croar 3 ©tot topfai c&to to »*w ^foOTto ^ots *rsr©i wot 
totoi *rra 

mv* __ Hcv 
P ~~ c 


P 



^TTOl 
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4^3 p = mv jS-^faTO 5<n?ro (Momentum) 43* p 

505 43 swtori 3iT3rt i ot *p*fsr (3-3^1 ^ 

35^5 3JT7rntf3 sm to i <?isjfa §**r S cro C3*ft 

*t3S3 CTOltJTS 53 I ^TO-*^ 5IWJI3CT3 *tf336R TO 

fates C3S /3-^faro * 1**01 ta^«i ^31 to i §ra*i 

*F31 5C3C5 C3 fate^ C5$teF3 *f*rT< CTO* fag^ /3-?fa^T*[fa[ 

OFTCfrgTfcM* CSTClfa SsTO C3 ^TOT (?PT^^ 53 51 §**T S «W 



fra 13‘8 

p-^fa^ra *i?« 3 n ifa fra i (a) fsar RaE fas^ ?3?rcte?T 
p-^fora tef*fa tow i (&)teaAu 107 pph* 

fa:TO p-^rtora fcw^fa twn i «a^ f5Cff f*Bwfw 
p-^tora snfa^rc wifa i «mre 

wfl* e*r fees X*w p-*tfa<i *tf?nc« < 

p-^?*ppra ^si^c^ra 33 k;*it?^ H p 
f=TC^f*TO 5OT l 

v£)^$l fafa^ ^ »rt* fa$5 55 1 3<R 4W3 53*t«H:<33 

3TT*lfa 43^1 $533 TO ^3 fa$5 55 I *lT§TO-sifiT3 *1**01353*3 
®T3*$H *lfa3^s*T ^C3<3 4^ 5C$II3 *15$fa *0031 313 I 

4*CTFT ^TOT^n C5 §TO 3?«15 •BltTO' *1T5TC31 0-3ifaTO 
53C3S p fa3ifar5 551 43 CTO* 5UC*lfa*5T3T*F ^TE5 ST$ 

(8*29) *T#RFI3 3T5TC3J p-^f^T5 C3T$ "lte 7 HP *[[<331 313 S 

r=/»v+w 0 v 



104 *RTCT®1 <3 CTO? S&T 

CW> “ffe J4 7 COT 5tfv5*foF E# fa<fa TO 5T5 S 

Efi — W — m 0 c* = Vp*c* + m 0 *c i - m 0 c 2 (13*3) 

VH a e 2 p a +m 0 V-w 0 c a (13*4) 

(13*8a >0 fr) to *f<ftTO srai fafe (3-^tos *fts* 5t>5 
C^*[to?TC3 3X?TC5 i to /3-?fa?T5 

Eft ( 'stsri §*f3 W?pfl»r Hp ) 45* c?rfi> ^f®3[W faW 

$1?$*^ 5T**w j3-?fa?T5 W A r (E p ) toto 5C5re i 

sj^T /3-^sfcf^T^ 5*t>5 fa*ta $RT $TT5'G 55C53 

strt? 55 /3-<jf*u 5*fT5fk«ro to §grto i siwi (Siegbahn) 
§gTto TO$> ?5C*R <»TC5 §BfOTT*lJ I 4§ OT 4?fi> 555 C®tf5 
fato c^oTCR^r ot srato 5 ?*rcsi® 5 (Solenoid) 5T«n to 
3575 aito csfa? c^a to 55 * 4§ c&fa? 

CTO sjfllj 4 ? 1 $ ?55 5T^T3 3JT5TC33 ?«3C5 4? STC3 4?fiJ 
f 5 0-^5 *gTto «TTC? I 3r*f<T 2fTC3 4?ft IfSR^T 

5T^TT5'5l<?IT5 5K5JTOT5 5T5TC5J (3-^to^to *R*01 to*R TO 55 I 
fcw COT TO5 /3-?fW>(fcf 55T5f5 TOJTOT5 5C5I EOT TO® 51 


V ooooo© 
2 © 00 ©©©! 
v/m/7f////fj 


30 BL 

HT 



tw 13*9 



ua<pf^ ^rw;?^ ^;s c®?^ 5 ! (Short lens) csto^P ^'ftsrfaw ^ i 

aTC5, C55RJ 4^ OT 4?ft *fNT5 ’Stfa® 5TC? I ^^5 5<C5 
fafa$ CTO®! f58*J® 0-?fa?T55t.5 C5fa? CTO5 3®TC5 5to 
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3?*P ; 3tfr fa^fa ^ 

(Helical) *m 3rere3 m ’iwiratro *m sue^to *MWT3 & 9 tC3 
OTT^tI^'S TO I ^5fa>S 2I3T5 4“M CUlTO C^FS *ffa3^©»? 

TO1 3T3 I 4|<5TC3 C5^ C¥3 *t?33to 3TO fato C3*T 

0-*fa*ppijsCT toiricto §*ira cspi^to toi to w sarcro *re«m 

to to TO TO I 

3ifa3H 3 < ft5jto3 3raa *itto3i fl-^faro *tfs? 3*&r ^ 
3T%TOC^ to*M TO *f§3 I (13 '9) to ®TT*(to 

jS-^lMkW 3F33 faTOT C*r«{H 5C3C5 I 

18*4: 0-3fil 3«ft% «Mi 

(13'8a) fra «W CTO ^TRT C3 0-3toT*(faj3 *1% «pj C3FP 
44 £l fafa’Hj ^^\s5f str *faj3 tofato 'olM fa^o TO I 4?t 
^®5I *lfa? E m fato C'S^rfa?* *TO*3 CTO to I wa* 
C^W f*'f33 < lc^El ^*(C3 4C34Tu> ^ft?F §vpT?I 'SlfST C33ff0 

^tT<3?n m (13‘8Z? fra s^i) i &k to^® 1 4^4*[far Wp& 
*rtos ^nfa^ TO« (13*8) to srcto c^T^fra 43 s “if^-TO'TO 
vwfcs c$&m sm /3-4toT?[faT3 cw$ *ivm ^rcra 

w^^nto i (13’8fc) to fa to to^®** TOf^ c^ssrcsrer 
to torto (?TOto3 cwrcro sjcrts * 3313^3 

^3 to to i swotr? c^aroi *totoi sro 4C34 «ipbi 
C 3*ft to ^ i «tfr< to 1 §to? 4 /3-*FtoT3 *ttoi toto *rfa? 

=3*^ 4toT3 *fTOT3 S5TOT3 *3313*338 3TR4 TO TO I (3-3^3 
§*f£3 3to *33T3*F5TC3 3tTO! |3-fas*334 n?Ifftf3 CTOft 

CTO?® *3*331 3T3 I 

18*5 i 0-*fit §e,*tf%3 3*fa«t 

^3 33 3TOTC3 *f#*Fl 4C3 CTO 3T3 C3 44$ C®5?to *ftfTCsfa 
3WJ 3^fat *133T*(3 jS-froSsr (^-Disintegration) to, 0-3<faT* 
C3i4 ot$ cttS *ttoi, ^sfi^ to^to "itonsit w to* 

^»fTTOPT3ft ^RsiCTO *K*!J1 5T^ W 53 I 

*p[ faa^to »if^ p-^faTOi 3T*3n 
51^333 TOR TO I 43 C3W C3T3H 3T3 C3 *t33T®l CTOKTO 



106 


« cw3* 


(3-?33ftR3 »£& C*1CW BTO p-^fTO^ ?RS3p S3 I ^ 

fcWT*tTO?ft C3t*l feewfrj’jfel (Secondary Electrons) fsfs^s 

S3 ^rj 333FI i 

3M3Kft 6 $T3 ’RCTwIfar mtera iT3i otto 

3t33 C3 csifa *133133 ww 

S3 31 1 ^ ^csRsfo^far WM »iT«f S3, mw fe*it3 
3^31 sot* i vapRi ^*rfe fatfsifrre &m3 3JT3Ji 331 3T3 i 

c^h C3*5t^3 pAwifcw ♦nsr #(^ c3*53ft c^tsr 

3J331 §£5?®r5 'i>H J $l3 SC® *1TC3 I 3fcf (s^gfsro 

^ S3, *f3^s (10~ 13 OTCTW3 3C3J) C3»H*ft §R?f®re 

■rfe®?! OTP f33®3 *fa?S33SI]3; SRipfti® Sff» m3 I 4^3i*f 
3TOFSR TO 3t$ ^33 C^ 5 ^ C3E3* faW *fe 31 S53^frpft 3*m 
7-3W Uv^s sre m3 i 3fa ^ “fa? S3 £l 

»W 8 a <33* t^5 v 3?*H3 TOW V ( 31 ^5?wMj A. ) S3, 

«imi *it^ 

hv — h^ = £l -s a (13'5) 

T^W Prefers *fc?©3 «w fafar fa?re3 ©13 ^rcam^ ^fc^t 


x A 

Z A 



V lf V a , V 8 TOW ( 31 A. lf X a , fl. s ^clfa <©33Ffttfj ) TOST 

Y-^W ( 331 Y lf Y a , Y 8 ) f38^5 Stf» m3 ( 1310 fW 8^31 ) I 
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#1 sfapr ; <flft 
CTO CTO CTO ks?Sf\a CTO^ft Y-3W 

to *t^? cto$ 3?^'^ t£^ft> wter Ic^tro* 5®Tsfa*© 

TO fcl5Fs<T *lfc?TO ^fsjvs 5tfs “TO I sfa v£»t 5513^ *tfTO 

sir ^sisn^ && wfa to “fig* (Binding- Energy) 

«rcro $$, toi^t *[?rt*[<t to *inte 5re* 

TO I TO ^ *l?3TO C«IW TOJ TO 

*K5TO3 TO! CTO Y-*T*If fas 3 ^ 531 R ; TO faf*T*§ *t^F 

?pto *£i^fi> te»rafo 5 s i tot^ 5ic«n to 

“ifig* 531 IF ^"STOiT TO! 3T$ ($1$ "fel s^I IV *if?W«1 
*rf^ ^cs^sfato fass^ ^ico 5 s, ^ 

#5*1% kTO TO I **1^58 <£$ #5*1% 5S 

E=(e 1 -e a ) — W 

OT 5 ^ e 1 -e 2 = hv ^ fas^ y-#*tf?i * 1 % (TO y-#*tf 

t»78^5 531 ), ^5oQ5 >oiM *fTSt 

E = hv-W (13*6) 

*^<58 4^*1 *K2F5ITO TOT faW #^5*1% 

5I5TO3 fassp 531 I *RTC?R ^CeR&T faTOCT 5®T1 531 

‘$itto#i srtos star (Internal Conversion Process) 
i£m ‘fl^'oTC^ ^n 531 ‘«IT«I3#t S^TOta 

(Internal Conversion Electrons) \ 

CTO^} TOT^iT K tc®T^9{% CTOC^S ^TCTOl ?fm$ 

WTO TO&T TO, ^5<ITC 4§; C^*5^ TO! stfftTOl 

C5# S^Tta 531 I ®r«fa C^FTO^ ^TOT^ TOFTO TOT 
K tt^PSfa fRS^vs 5TO *iTOJ51 s^TCTOl C5“ft 53 I 3fr TOT^ TOJ 
K Srotew to * 1% 531 W K , tow Trs^xo K sr^t sta 
(K Conversion Electron) #5*1% 53 

E K = (e 1 -e 2 )-W s = hv-W K (13*7) 

1 

'Sl^sliC'l L-^^sr $C*retel5[ TO *lfo Jiff 551 W'i, ®I5PI 
L ^R^I5t?T5 ^(,cq^fii?55I ■SlT'i-iT'S* 551 

E L =( Ex -e„)-W L =hv-W L 


(13‘8) 
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*nraT*[ * cro? *if3&3 


iflow K ^R^n^'bswtera to? ?*r 53 i 
0-itfT5ft<r g^njTif TOTO TO ?TO TO? TO «WH §?T3 ’UCf 
tot i9^§ ?t*[g& c'fsps *n v G?n 3T3 i stto * 11 * 113 * 1^2 
K fesi^fc? ftWTOBT TOT few 53, TO3I “TOW ^5 
L tTO&T ^STORT TOT 53 I 

C3C5^ W 7 ^ > W L 53, 3533 R E z < E l 53, ?r<rc 
L 5^!^ K 5^1 TOP¥1 (§^53 snfa^S 53 I ^9R 

to*TO 3 *fr«f?j ^t<5^ tm K 43 * L §c*i?ftR3 33R«ftP3 
*fT*ft?J3, $T*fa (W K -W L ) *K3JTlS3 TOT 53 I 

f^croiw fcowwrcj c3 toasts fas*^ 

53 jS-fa^fora to ^ toW csifa csic? i ?r*fa £F Z , ^ 
Sfffo *K*in^T 5C*$ TOW *133^3 ?^3 TO *1% ; 

*nf*? *f33T<53 33 l 

jS-fTOfcrar to k^sfss toto ^ c?*5??$ 53 y^H 31 53 
feswte ?3S3T\s TO fa?p53 *iT 3TOT *Kfffara 5P5 *1TC3 1 
qfa C3T& A 7 *K3J? C?*5? 4^sTC3 j3-?33ffo 53 43S 4PF3 3C3T 
Ny *K3i? cro ^ c?*s?ft yrH ^sto to 'Q iV fl *rw cto 
C*rfi> ssroatsr® fefflwte' (Conversion Electron) f3s*r3«i TO 
?33^3 *fo?®C3 TO*tsra> 53 nsTTO *3^2 

A r Y + A 7 e = iV 

A 7 a 43* iV Y $$ ^ *K3JT3 ?PJ*IT5C? 3ST1 53 ‘TO*$ra3 «prw' 
(Conversion Coefficient) i <*ft *pirc?C? *TT 3 T 3 *fva 2 a ?55 5T31 
?30ff*re ?31 53 I 

a = NJN y (13 9) 

ftfW C^s?te *WTPf3 CTO a-*R3Jri§3 SIR «itc?i 

K TO^f«r C3C? «M?ra?3^ §C«T?&3 t32*T3C*l3 ?T3TO3i(*lTC? 
a K *R*[JTl$3 RTR *33133^2 JtflFWl C3*ft 53 \ CTO CTO CSStfaRT 
*mpf3 ctoc?3*i Y-sfaft Ut^s 53 , fe^sr^s^s 

53 R, ^ A 7 7 = AT « iV e = 0 53 ; TOR CTO C^T^ CTO ft? ^3 
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5t$l 5faf5 *rfT5*ft ; f55$5 

5C$, sutfa N y =0 <3 N e = N 55 i 5^45 a wnffo 
5H 0 C5C5 « *f*fe ?5^3 *fT£5 I JTT^mersS TO 

C5*5C55 (Bi-eJ 5^ 55 55 45* “fa?TO5 

C5T5T5$T5 3K5JT5 ^55^ ?T5 C5«ft 55 ^*$T55 ^«1T*<F a ^v5 
i ^T^T^i f^rs^rr^^ c5*5C55 *i5sn*tf55 *wm §to< 3 a fa^5 
5C5 ; a«Z 3 55 1 Sfsfa *1551^55 *P*fS C5*5G55 

^ZF5CT5 CTO Y-5f*P *rf55ffs ^5&T fas^CTO 

5f®T5rol C5*ft 55, f5C*f5v5S 5fr ^^5C«f5 TO C5*5C55 "ifa *rf55&T 
*(5 55 55 I 

13*6 : %5f^5 *ffe 0-5fi& 5<T#5 ^e,*tf%? <Ft?«| 

P-f5S55m TO *i55T<35 <55-^*511 ^4 *{?55^ 55 51, 45 
*1551*1^55 *1*511 Z *{bpft&5 55 l 2JTffo5 Cartel *m«( C«IC5 
Ui^v 0-5fa5T*|fa |c*15§5 CSfC5 I 4tfr5 *HqT5*FS: 0“ fe 
5T51 fatifW© 551 55 I (3" faSJRTCW TO *l55T®lf55 *1*511 Z 45 
455 *!?55TC e l “5T5 ; $r«fa 5fc X" 1 *15513 0“ f55^55 TO 

Y^ *1551^ 5ITO?5^ 55, ^TOT 3IT551 fsWCS *1T?5 

m* j -^>m + iY a 

^55*1^51*1 P 32 (Z = 15) *15513 P~ TO S 82 

(Z = 16) ’BSIp 5t*iref?To 55 1 

^pf55 §*1TC5 C^WHI *(55T35 C^FC5 51C55 3155 

p~ fa8*T5C«15 *rf55C6 *lfe$T (Positron) 5T55 45 35T5 55T5I5 
3rT5H5T5 s l 5^151 5P5 C*r51 515 (17*10 «|*ps*f 5^51 ) l 

vfTsrfo^r ^I5tc55| *!TOT«ft5 I 4tfr5 <55 ^15tC55 TO5 
55H ; 4C f f5 55T515 5JT5R §C®t5ltc*T5 5*5515 5fT5R?T5 *1*115 
55 I 49[feTC5 *TT5T5*re§ fi + fa *131 551 551 

*tff&H[frrc:5 §CTOfcT5 frofte 5f*151 (Anti Particles) 
5|T5I1 ^<351 55 I ^[f^tC55 '5Tffa , 5T3 45* 4CW5 5^T5«fl 55^ 
TO (20*6) afgWKH ^TOT551 551 5C5 I *tfa&T fa8*r3t«t5 TO 
C5*5C55 55-*f*5Jl A *lf55 ! T5 : 5 55 51, C55«T 45 *155lT«fo5 *1*«IJ1 
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*RWT*l « 


Z i£i^ ^sncq gT*r to i qfa X 4 *rff&r fas^rapm 
to Y 4 *rasrr«p:\5 ?RTOfa® r; 'sum snsrai fa*ic® *nfa s 

P 

Z X. A -**- 1 Y 4 

fcTOTOam 0 15 (Z =8) *1^ p + fa^OT TO N 16 
(Z = 7) *[?raT«[S5 ?RTOfa® 5$ i 

resrfaFs *f?RTC| ww $mfcr ri *ffatR fasR<ra f §®?r sto 
afa?nre§ R@n s?r P-fasrfo (p Disintegration) i $cwrtR 
<w *ifaiR §®?r &*m p ^sftoi srrcn cran ^ i 

§tokf ^ era p-fa^R st^i 4 ? mn p-farfo 
sifaro ^«n 'SfRi i cto cto ctoi c^sjt 5 ?^ *f?pn*i“ 
^*53* 4^1$ <ftTOf<T® $.t® *fTC?I I ^ 

afaro^ 53T ‘wfa fesratfR-sn^’ (Orbital Electron 
Capture) i c^awsr tow sfTTO 4W ' ss tt^srrc c i 

gR to, TOii*(15?r TOrofa* ^n Z ^ 4W to to i 
TO-*rc*m ^r^u smhrcff®® m& 1 Rfa *ju&i sre to tow X^ 
TOti*pr wE wfa fewfcr ^r Y 4 nro^c® 

<STO?<1® S3, ®TO C9W1 TO 

2 X^ + e“- *z-iY A 

fcTOWW 9 ! Be 7 (Z = 4) toii»i wf& K-Whr ^cweir 
®re>a*i to Li 7 (Z = 3) *fro«3C® s&TOfa® 1 S9 f^®s wfa 
fewfa TO?IWir TO ^ *fTO<3 4R* *tfa$R fasRSCTO TO *& 
TOU®1 TO^TORT RW*& I 

p-fwtore to fas^® ^fa*n fewfcft etw ri *fi?ta5 crob 
fa^® *fcflsT9(?TO “itSF^JT 5?T I §®?f CTO& P-^fTO?[fa 

*jrj cto* wfr faW &&®R sir *rfo fays “ifa* rsto Irs^p 
53 l $CWta ®IT 5 TO<T CTO TO*n OTT R^TO fa?^® ^5 c*t*n 
TO Rl; 4CTO fafatf “tfa* t^SlTjl (Characteristic) 
X-<jH c*ft$r ?rs^® ^c® c? 1 ^ to (1310 sf^Gyr 5 ^ 1 ) 1 



Ill 


^ IfW ; #1 T&Q 

to tone ot *brtti cto 3* carfrr «w 
fa^sfa ^nn *if&re i to (^1 ) «itc^ «n i 

P-fa^fcTO W CTO CTO CTOPRT TO fs^dsr ^T?ft«TW 
CSfTt>C*T 2[?f, : TOT *pC« 1 MriR ^TCsT C^*5CTO siWI SfTUa?! W^TT 

^c^sfa (p~) W tot cto^ cto U°o*p5 ^ i cro 

CTOT C4tlC<M TOT »5^ CSTT^'T ^[sitalM fa$s!aW 5i‘ ? ri3t?r5 53f, 
TO TOT SRI CTOCTO TO *%&? (|3 + ) W 5C5 CTO*F 
CTO ^ I Ct-?TO^ST TO*TTIR1 *TPT TO<T1 <tfC*!?5 CT 

CsS'3fT > ^*?T CTO3* C^IC^ 3 Tspqf'6* sp^cT i£)^J ^l <£J^T^W (HiMqcs f^S^s 

3?r i <as cto asfasiR 5 s w ^srr^-c^*sc^5 tot ^s^r 
TOft^T (Discrete) *TO ( 12*16 g<foi) 1 <3^ 
cto Mnjs ystfTO a^t® Mffa 6 ! to *3 *&$ v£i^ 'irnKS 
sto to (14*9 s'rfti) \ g«Rvss§ ^i*n to to w 

ia^k*! toT^ "fisro bt^s »atf& MW cto^ Wt P-Trote??r 
TOT TO 5Jj55T srMst *fe3C<T TOf^ MW CTOC3* 3f*tT3?<J\5 

^r, WT p-^^TOS^ *R TOR 5RTO M^S 5W I 
*tf3?<T to ctoc^rt tort *rr«foi cto *itto to i fof 

TO<T1 §TO3 TOTT5TO CTT*lM C*T *R WT *t?sf 

S3 =n, i£IC^ * 1 ^ MW ^TO TO I ( 0 CTO* £ m 

*$3 ) \ *l«fa a vSR* Y M^RR *iWta a?IKl»Ri 

t mm <w p-MriM wl?r *f<fNm Mom tot $Wi «pF5* 

TO**rf® CTO TO I 

*sft TOM^T TO 6 ! TOI1 TO£5 ?TO CTO (Niels Bohr) 
asrc TO*T c*r p-faWm CTO 5 istos jr?w«i ^ (Energy 
Conservation Law) TOI ^1 1 ^tf'Q siTftf 

CTO^ TOT MW af^TSfT 6 ! “1% ^RTO 9!TC^ f 
P-^TO^RI *!% 3T?T >fTO >£1^ ^N*TO<! 3TTO ^ sfl I C^TTO ^ 
aOT 3T5I ^T ^cfTsffwn TOST fsfe* TO*n^ 

m ^ 1 

^TOTO nr^T (Pauli) 5TTC5T <£1^^ SOT 
TOR I TO P-f^s^C?T?T 5JTO P-^f 6 !^! 5T^1 TO ^*TI 



112 *f33T^ <3 CTW *&3 *t?353 

^33*1 SRCT 53 I SPIN 3TT?*f 43< <srM <3**513*3 *fe 

3J33T3 *fi> ^ 33*13 toj 3 W 5 53 w ct^bri p-tfroft *ifn 
«w ^©si 313 E m f3^$ ^\m toi C3 c^h “i?*r 353*0 

fas^vs 5S5 *3TC3 I 3 *t£\sS P-^?«3*T3 TO *EfTl 53, **31 

^fa3*Tf(>3 *fis? TO E m 53 ; *1*13*1?? P-3*f*(3*T3 *1^? 3*13 E m 
53, «RI ^3*1^3 *lf*F <TO *131 53 I 3WT3TOC3 3?*F 
P-^? 6 ^ *lfe 53 E/, 43< «RI 53 E„ ^1503 

*TR31 *fT?3 

E m — Ep + Ev (1310) 

43TC3 *r3*n srefa'S <3**5^3 stfvo?F*f “tfo (Recoil Energy) 
§CTO 3*31 5C3C5 3133 C3*»53*f§3 <53 f3?3^ 3*f«13n ^§3 ^C33 

SjpRT3 ^3* C3*ft 53 I C3T$ *fc? E m Sflf? 43* 
«*«HTO33 *fe-3T33T3 3T31 ?3*ft??F5 53 ( 13’7 Vfi$m 5^31 ) I 
*n$fisi3 3^3T*f %3* 3M 3C3 tor /3-?33I>t33 CTO *1% 5K33*«I t£135 
«3W*T *EH3 SON 3TO Oft53 C3T3 *f3TO 333* 31 I 

*tT§fa 3fa*rs «r?>3T 3*n 53 ‘faSTten* (Neutrino) i 

f3§fsfc3T3 zqfts 3*fa*f 5*331 §fc\s C3 *3331 fof fof BfTOl 
331^5 *frf3 I 

f3§?&31 ^I3T3*f3 5*331 S'fov I 43 ®3*3 3T3 “[3J 

5'6?fl I 3133 Cf31 3T3 C3 P-3f33li§ 333 «lfe 

3533C3 53, S533 ?3S3|5 "fel 313 (E J *nf*r >0 ^3^*$ 

<3**BTO33 ^3 31333:33 33^f?33T 6 1 “ft^3 33T3 53 I TO^l hj2n 
4TO* *f?3?SF5 ?3^?S[C3T3 ^*t3 ctffoF ^3C33 (Spin Angular 
Momentum) s = £ 5*331 I $T131 *ITC5 C3 C3**5C^3 

CS(T^3 *3 ^3^3^33 2J£5]3*fij3 ^33 C3^3^ ^3C3?f £ 53 I 

CW<1 <3*^*3* *»313?T3 3T3 <3**5CF 3^3H C3T$3-W&33 C3T$ 
3TC3IT3 ( <53-3*3113 ) §*(3 I 4§! 3*311 A 3ft CWF? 

53, ^T51N C^SCF3 <3*tfa? ^3R^T hj2m 3^31#3 *$ 9jt«T5^ 
(Integral Multiple) 53 I ^^3*3^ A 3f? f 3 Wn? 53 
^ 3 * C3#!3* 'S3C3^ h/2n 3^3#3 (Half Integral 
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ft ; sftft fsRlfa ^ 

Multiple) i P-fasfes aosi TO =?©siR c*ni> csTfo- 
fafcfa 1 ?R*m i ^ 5 ^ $nfcr c^*gc^?i <3#rc* 

^W*T 5ff*f *$ *R*[J1 ( 3$R /z/ 27T *$ ^f«F5^ ) 5?, ^I5C9f 

j3-folto3 SF£^ ^ ^T*!^ C^^T ^W9['Q *$ 3R*m ^ 1 
c^*5c^ c^tfap ?rftf $;*frift 5R*m $$ t 3rT*p£ 
t4»*a^l@?I C^tfa^ STOTT'S $f*fy<1 3R*fTl \ 3rJr p-fasfljRT 5F£®T 

wwa ^toti ^?r ^a^T^vs sttto, ?n 5 $ <33 

m *£l ^ I C3£^ fjR^s /3-^faTO «#PF stott 

1/2 ^ $\0<TR 3f*T<T ( 3[$fR fr^ftpTR ) ^Jfa C^tfa 5 ? 

STOTTS 1/2 S[CT I 

aT^te ^tot to a«(jps 

faEFft c^fsi (Enrico Fermi) ^>©8 ^TfM P-^faTO “1% 
affe tjnti *ra«f ^ 1 p-fa^fa ^ 

^R*TI *[T 'Sf^jfiT if)T\ ^vs5TR Sft^T ^nCcTTFTI I 

crtffa P-farfr? cto* fas^ p-<F?«t^i ^ 5 ^ *rfa? (ti stott) 
t-Sptt 5tif«ife^ 5gy vffvQ^i *mr 1 Tfr P-?tti>ft<t tot cw<f 
stott ctohSrt toi 1 43 cto afr^&r ri 5 $ m 
<£& aTsR&T ^ (A/ = 0, ±1 ) ^sjCMlftrS 

P-SRZFSR (Allowed P-Transition) T^l 53 1 4?ro p-faT$i?TT 
?tmm (Probability) CT*ft ^ 1 «q«lT*r<b 

JTCFTOT CTO /> W p +dp '©TOTT yfta TO P-^ejTO 

’RSfll Offa SC^T *TT^TOT *fTS?n ms S 

N{p)dp = AF(Z,p)p\E m - Erf dp (1311) 

4TO P ^ Eg 5055 *ntto p-^?«fTO sto?t 1 

£ m 5W5 p-^fefTO &&©ST I A l£J^S?$ SP5^ 1 

F(Z,p) 50S5 crtl-^cwr «n ^ ^C<T T^S3J^ p-^Wl 
55i^vp ^IT^ ^CffRf ^acs 1 

p-^f«t5R (?IT$ *tfs? W 5S, ^5TOT CTO5 w - Efi + wi 0 c a , 
TO£tf dW = dEp 55 I ’TORT 

r = n a + m 0 V 
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WdW -c*pdp 

sroa ^ftf W m = E m + m Q c a ^bbtvoR csn§ {3-*lf&, ^C®T 

csr^n m 

E m -E 0 =W m -W 
(1311) *\\m m 

N(W)dW = N(p)dp = CF(Z,p)pW(E m - E p )*dW 

N{E p )dEp — N{W)dW 

= CF(Z,p)p(Ep + M 0 c*){E m -E{,ydEti 

C ifflsft I 

Z 4<r cro F(Z,p) sjt?i 5s w ^cro “£tj srfo'fts' 
(Ep = 0, /> = 0) 3TC*m 55T 1 

Z c^*sc^i cto F{Z,p) sh^ ^ ri i <aa tot 
*1% (3~ c^ft ^ w 

sppfJT j3" *k«iji »fw s?r i w?r>fc*F F(Z,p) ^ 
zxms fasT*r% j3 + *K*m i 

&P*IOTTC C3 9t?\S*f?*F<T *f??RE\s 3?ff p-$3 5T^9f fagsjo 

jS-^^l *K*ITT?T *fi3TC$PT3 C9Wfoff *rra, ^TTOT F(Z,p) $$ 



far 13-11 

O 16 c 5 ?^ f^s^vs 0+ *fa$T* pwfair I 

2T5R to« /> = 0 «apro |3 + *faro jiwi *j*tj 5U i 

JTsftaro (1311) cw sirar 

Vfmhr^-^ 


(1312) 
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K i (1312) VN(p)/p*F(Z,p ) 

W P‘*lto (£,) C*i*lf5ff ?I<ITO*n 5'0?n §to I i£)^*f 
C^wfanw 3*TI 5?T c^Plfcff* (Kurie-Plot) I O 18 CTO<P 
firs^Ns p + TOto cto a<fbm *rai st^ fsft c®wfoa ( 1311) to 
toc^ i fsa c^f (?f«n *nn c*r vstffc i 

C5r*tf&d$ *rf*? stto* <?r fafc® c^w to (tr£ fa*p 
(Abscissa) to c«fre fe®sf p-*t% E m *irs?il to \ 

*5% CW& p-fcrefapfar CTOC3RT stfsfhRTO (Half Life) w 

§^55T p-*[f*?<T TO i£|TO 9tT?«lf^ ^fT'G?n TO \ TOWS 

oti to c$ E m c*m ^sft^TTO (t) gpf to i 
(131) ^'te ^jcsrrto p-foto* cto ctoc^st 

stfsffaiTTO ^ssSI “ffe fatofi 3C3C5 i 


*Tt<l*il 13*1 


fasTO^ CTO=F 

?33ito a^fo 


p->*rfe 
( fsj-^-C'ol ) 

W&T (o w 1 ) 

p- 

12‘8 Wt $ 

0182 

1 H 3 

p- 

12'4 TO5 

0019 

eO 15 

P + 

118 c 3 tc<F'Q 

1*68 

29 Cu 64 

r.r 

12'8 <?•§! 

0 66 ; 0 57 


§tort c*n& n to c*r s rot to, 

p-Tw$sp*ft9i i ^s i£m canto to?t anfoTO 

iacto fas^v® Sb&^t p-*rto awfts ar«?n to i fa^sfa to W 
stcto croc^?r «nre, »a?r p-fasrfrr cw ^rr?r i cto 
cto crocks cro p + «w P" fero aro c*rv to i 

§acro witos Ca d4 ^a cro^ i 

fHCSt^CHK Cast's o9\© ^Sfg'® C*T a?ffan TO1 <3?T 'SrftSPftf 

sr ott«i ami qfon ^jtto i ?=T§itai ®iTTO$fa ^Qm 
TOTC'SST TO1 CTOifia TOT aTCS =11 I ®tfTO 43 <53 

OT Tjn 5«?U?r f^toTTO 5TC3T5 TO! fa&tol TOT CTO 
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afa OT5? 53 ai i fsaw care 

fas^ Wf&WI*(frl3 3^1 aT3 10 14 tq^ffcn 3HTO3 “WfeW 
fosa te afo carere an ?m m i fof 4W3 «w anarow <?t5 
^?5 aaaT^^faa awi *wirea a§T3F5i ^sj ca 3^ta draft 
WTO 53 tol *K?*f5l ^T3CT fa§f$Rl TOT*f a®tf3\5 

ww 43* jS-faafrr ss? 43 art* atarcaa aw aw «ffi5"f 
asacw awj fyfcftww Rfea fatf*ra rew aaHi 
TO 53fcr i tow *;&<jfc TO 3T^a 43< =W?TH (F. Reins 
and C.L. Cowan) awra anwfrraw fawFfaa a^asR fa^fttaw 
aatonpra aara cwaire wf ^r i 4 aare (17'20) 
«Rpww ^tc^hwi 3Wi 5w i 4an?r ^owcttoi ot 

fesw3*r 43* afarfa §®a a^w 3tf»raw fasTO3nret: aT^far 35?*a\5 

•TT^ ^ c Wrt& ^§^5 53 I ^5I?>§^ *f3t>lC3 iS5t ^ CWIS 

ft^Sffcrw acqj 43^ catf«re aisfaj arai i ^rea 
43*ftre 3*n 53 rr fTO'fe-fJT^fcn (Anti 

Neutrino) I (3 + fasTOTOT Wto f^s^s 53, $33 |3~ fclSTO- 
to frot$-W%n fas^s 53 i ^ sraw fa&%33 ran are? 

TO C3 W?&iTT3 C^tfa^F ^ 43 C3CT3 

tas 3TW ; faarffa-fafcftpTW qjfa retf*ra *®3W re#3 43 
C3ia3 faaatespft 53 » affsfa caaa ^OTsfe33 faa<fhs aim 
f3a3fo-fa&fsfarTre c^l^a fa^ffcrw f^a^fhs ^rararca a?a?n 

3*31 53 I 

13*7 : 0-faafr* "tf^ 5 

cw\ ca*sa *3rat (Stable) ^ 5ca jl-faafaata are ai ^1 
Wa are (Z/N) rerow Wfrr 43 * carfrr tojw «qarre3 
§a3 1 4 *wre are (1612) Twrerca ^naibai aai 

5 re 1 afrr M(A,Z) aw'if^^ ®3 a*a^ X a33T < 3 (3" 3sf«Rn 
fasa3n«f3 toM(^,Z + 1) a33T c i?3^ ®3 a»a^ Y a33F«{c® 
3»awfe 53 , 'st^ jS-^aada afe a33T^ 5^3 

3C3I aTf«{f^P 3*a^ ^31 3T3 I 
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feTOTCF P-?fT‘ ? ITS^ Jrsf^5«t H?n ta*T TO1 *IT5f i 

zX A -* w Y' + 0- 

4TO feswpnmi ct p-forfaro tot *t<tsit«{ c^*sc^ ?R*[T3?r 
^ I 3^<TR /3-farfcr *1% X iSW Y <53, 

M n (A,Z) w il/ n (/4,Z + l) ta5*n ^<it<t beitsr i 
«n$n"ft§PT3 5Tsp5l (Mass Energy Equivalence) ^ 

^?rr?ft c^5^ ff&a to<t nrcnR c«iw feswtorsr ^ (w e ) 
tarn ^tot P- fanfo *ife (0*-) areai nra s 

S/r- = {M k (^ ,Z) - MJ//, Z +1) - f/tjc 1 

<^*5^3 tos <53 to &to3 

5Tsft^«ito c*rci nra 

Q^_ = {M(^ ,Z) - Zm e - M{A ,Z 4- 1) + (Z +1 )m e - m e }c 8 
toiw g/i- ={M(^,Z)-M(^,Z + l))c 2 (13’13) 

^?rc*r *rt®?sta ta?(w3 cro 0-arnm Jrsftan S3 

*X^— - z .,Y A + p + 

^Tn Q* + = [M n (^,Z)- M n (A, Z -1)-7*v)c 2 
TOl Q P+ = {M(A,Z) —Zm e —M(A,Z — 1) 

+ (Z — l)m e - m e }c a 

3T543 '5rrsr?n *cr^ 

Qp+ = {M(A, Z) — M(A, Z —1) — 2w e }c 2 (1314) 

ct <53 ntoita* *ra >it^i *[ 3^33 cntf 

^3 ( C^ 5 ^ 43* Wk fsifsTvo <53 ) *fT'Q?n 3T3 I C*fr 

®f?tt p-fanfrr ataw 3*3T3 (13*13) 43* (13’14) Jisitan- 

33 3J3TO 3*3T^ ajtnnra^ i 

»nlta«i (13*13) CTO? <?f*n 3T3 c*r M(A,Z) M(A,Z + 1) 
wran cn^fta, <stto£ X *Bisn*(15 P' 3tf<wi to Y 
^^Tsf^s sre -to i siwiw JTsftan (13*14) ^nft ^nff*r <j 
«rW <53 *n«foj nfa $crota3 fata ®?r ®rc*m 
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c*rat to§ X a^ft |3 + ^Fksn ks 3 !® to Y aw^r® a»ara?*r® 
St® arcs i cats^? »*raf& §t^c?m ®<rak? am 0'51 k-§-c®i ss, 
$r®im /3 + srj sri ^rfcf g sr<rf*H> a^TOi 'v&ftm 

ar^i 1*02 Tsr-^-c^i ^rwi c^ so?n ataTeR i 

^aiw toatamj ca ^Tk asa^a *®<t «m?a«£ <®a 

^rca^ caal st*t^ wk It^sfa ^11^*1 asa sa i 

13 8 : p^f «M^(?W*t 

(12*7) ^^pm Caai C$tt5 ta C®$rkFa ks^o kW afe 
a*asf a-^kTO ^kW aaaki (Range) sore i ®r«frc care 
k? 3 ?® Sam *m a-^f^T^foT iflatfl kfad ^S +tf9 5Sf«l amt® 

-to i ®maa ca^ki a«*$ ak^sk sta aw w aarofa si®jto 
catfa® sea am i 

jS-^m^TG a^rTtek $r®i3ta ak?am amt® sure i *{a 5 Man 
^<3 ?tt^ ®fh aspn# ^reStaa =m asaTt®a toi fWa^Tqki 
^a 5RC«ft kfag (Scattered) Sta ^RT I af® 

i$ai TOwtiT to ak? smm i c^twrt isat aTataa* ak? >pa^ 
kf®s flrekro aaaataa atai 4^a *rcaTt®a *rcajm ata^ ar^i 
aire I (3-^kTO CTO aaakm ampf® (Straggling of 

the Range) arekam ^5Rm TOa* ca*ft sa i SaOTRF ^ 
TOta w snk aksm aa®Ta «t5tot j3rekaaa aaahn areka*m a® 
sa sn i 

®«fT?a kk«S §e&v©a ak? a'asr jS-^kan^km caTk$ft®Tta 
kkd aaaki areai am i c®5?hfm a*rk c«ct jBrekaa^kr 
kf®sr ak? asaata k? 3 *® sa i ak fates caa a*as rem cama* 
(Absorber) c®*f TO k*f® |3 akTO ^Tl a«Rl ami sa, ®TSt*T 
caiaa* *mt«k caa ^km ^u\ *rcan aT?r ^ (Exponential) 
>tffi^ i # gm am i carw a^rcsf^ ^ac?r ^afe^ /3-^a^T^ aT«ik^ 
aksm ^sr®T^ c*rrw a'frcssfw src^i ^Tctm k^a, a*^s 

$$ ^ toc«i^ ^aOTR? aro ak<rt^r 1 ^km caw 
cro? k^s (3-^k^T^ atan £Ta car® «nc^ w ^acaca cto^ 
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CRI>T$f& faW srrCFT^ *Rf TO CTO /3-^fa^l C*im wf C5*f 
TO Wo TO =n I C*im TOfffa CTO<T v£»| faW TOW 

TOifo® *fig* tfto / 3-^faTO wftsn toi to c^o *nw 
(1312 foa b^i ) i 



x(mg/cn£) 


fw 13*12 


jS-^f^ra wflsn i c^Tf# «rfejqw 'slsrei I 

sWTfil'fWfl C3C®T £W? 5CSC5 l 


&il?fa <$TO<T *ft?RE© TOS afe 4** CWTCH ^©TO 

TOC*fa TO<T *tf<JTO TO 1 TO «*f fatf*! TO P TO 

CTO C*TRC^?T C^*l *rf*T ^ JT, to CTOCTO at® cww 
^ m = px ^ I if^Cff <4TO SR/c^fa® 31 fat^ER/c^fa® 
C»W1 53 I *^52 j3-®tWT3T WffaT'S &TORF iOTCT TO 

TO I faM §0^53 3p»|jj |3-^«TTO CTO t^W *ITOfa TO! 

«a$ ^r«mlsir?r to ar?r *rr to i W* 

4TO* facrf*r© tot TO-gW^rcro 3i *flro toi &5®sr 
ot^fp asff^r 5f*9f^- jg-<pfcf^ wftro ?3 C*r *fT*faj to 5 r i 

P-*ifty E>0'8 fa-£-c®i ^ p^wftai i? *itor *rcc*t to 
4TOTC® ifc TO I fTOFft CTO3 (N. Feather) *tfa«R 
*f#TO Wsw R W E 43 TOI 43^ ^^4 W»l*l TO^T I TO 
C5H x N»t*M « ^fersr (Glenclenin and Coryell) 

^ffasTCTO Mscs 7ppf^1$ *n=? 2 


fl = 0*542£-0133 
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R to$ to/i?iV w E«w to* 

fer-t-OTi I 

E <0'8 fsi-i-OTl to E <w E 4ft toj ??*&$ 

*nm to s 

7? =0'407 E 1 - 38 

TOT3W38 4\^$ to a-^*WRT ^RT?I j3-toFT<T wfal 
^ ^1 TO0 C**it S3 I a-^faTO ^5RT?I VTO «JOT 
5>s?u?i p-tfro^to *mtsn isre *fM 5?r i ^sp: 0 -^ito ^itto 
^ST sl J^to a-^TTO SfTTO ^>5F5T<T ^To to Sira S3 I 

|3-^to*(ta CTO?T TO «TO TO CTO tosS (3OT 

v£J?n '5TT?f ; R tow *TO -TOT H I »fft TO$ OT W1 tosS 
C^I v£ipf?l TOSH "SfR'fil ^^'sS{ STR *f^RT 5*v5 *(T?l I '5JT<J'Q 

toRI toCS 4\Uft TOR *PSTS1 TO CTO 5TO iW TOFICT B*TO 

TO TO • 3TS 1000 $-OTl to 0-toTO ^Sfvsl 

tossi ^?r 1 4$ $rto aro tosi w 5m ^0 4 <n anr 
100 srciR/fsfa to 1 fof toto p-toro^ 
to^h ^c^’TO 5 ^shtr/Wsi <mw> <s ttc?t i 

13*9: 

(13‘7) ^OTIOT TO31 C*rtto W Z TOJl CTO 

C?TO tf? TOfe ^TTOT TO S5TTOT CT® (Z-1) 

*RWFlto TOR *P*W CTOCT ^ < TOf?Hs TO TO I 4FTO ^crofa 
^Wft *f“C*T 5RPf fa^SJRT'Q CTO? CTO fas^ ^ l 

«nt(f CTO?t K w«( CTO §OT?&T ^T^«l TO, TOOT 
to TOTO 4?fi> TO to TO TO 1. ^ho% L, M 

C3 CTO W*W CTO §OT?fo STOFto TO to *£TITO 
*# TO 1 4 ft to fah&rtf (Characteristic) X-<rf*ff c^Tfr? 
firsts© S?r ( 6'7 gqfo ) 1 *yss fctofipff X-to 

mfcrft fa**ra»ft rite hmfa TsftH *nm 4\^m to?r i 
4$ JRW fR§fterri&?r cto w ^retos ’to*r 
^?n »t^ 1 



14 
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14.1: 

a 31 p ?33(fcra to c?*s? to? to 
s^S TO *TTC3 I C?*5? TOS 6 !^ 10~ 13 CTOW3 3WJ 

faifras “ifero TOFfa© 5C3 ^fe^?t3 ?3??3 c l (Electromagnetic 
Radiation) f to i c?*5? CTO 4^?*f 
?3??3to 3=n 53 y- 3W i (11*2) sfjsto c$*n cto c? Y-aH? 
c^n^i a ^ p 3hra ^«rt3 to? c3*ft 53 i ottsi #tj 
^ sf^wra 31 csk? c?s 3T3i 53 i arafa? sjcto fawfNro 
S3Hras y^Ht? a 31 p sH CTO *j*i? TO 

^?Co *fTC?R I 

Y-?rf*ir Uwmn 5Tic5i Prefer© w«i cto Wwi 

fe^rara »ny*u i crorc? cm *13*11 f3f?3 e i fas^ S3 
^RRT*[?r ?^3 stc^lc^ra 13 ? “d^sra c^c? 'Sri ®C3 ^ko^c 6 ^ 3*c«i i 
^ fas^© t#n 9TOR, #TO9Rt (Ultra Violet) 3T ^snfes 
(Infra Red) ?ito *f3?*$5 53 I *rasiT*[3 TO TOTSrt 

§c*i?tera *ife jiwtto: sira to? ^crot^-c^ sirai 53 i 
^©3TC fassfS 3TOT? C?TlfoT3 “fe /zv TO? §-C«l $1331 
TO? TO 4 ? &*l?frK<5TP&3 TO Sira 53 I $133TOF C3®faF3 
a*rrt fa2^© a 31 j3 ?f e f?T? “ifisra *f?3srr*t cto C3T?I 3T3 C3 c?*5C?3 
*tf*FS3?(fa3 *ifo WtoJIO 6 ) $-c® sitsi tost 53 i 4^ra 
*fesc33 to TOroa to fas??© y-c?Tifcra “iftyo c’iNra 

TO? TO £-C®l CTO TO? WTO5T $-C*l ?3^© 53 'I (6'7) 

cto c? tot^st toss 5 ? toto $rT3©3“fto Stsratora 

?K5TO3 TO X-sH C?T^^ *ft& ?C3? to §-c«i 

*$3 53 l Y-C33&H3 *lfe ifl^ra X-3H C3T$pra *rf^F 

3PffI« TO? C3*ft 53 I X-?rf*P 53* Wj ?C3? *IJTWto 31 TO? 
C*?C5 <fi? ?UT^3 SfC^W'Q ?si 53 l Y*3?*113 ^intG $nR? ?3 
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'G C4*a^ *!?858 

I 10 4 , 10 6 TO 10 8 ^-C®1 *fe 51^ Y-^*p 

53 toto 1'24, 0124 to 0'0124 wfo i 
CoSffaF?! CSlt^i5p;<j TO! ^553 TO3F&tfj V^H 53 

ThC cto i 4ETO Y-3f*i[3 *fTG?n to 0'0047 mi i 

^jsfM j to cmfcw sictotc 3^# cto i£& antor *fa? 
ta*f«i <5 Tr>Q?n to E 7 = 2'62 fa-^-c^i i ffsrc fc*nra cto*f 

^TC^f Y"CSpT&C»T 3 *[1l? *133 '5n‘^-5f*T tsf-^-C^1 

VW1 TO« C3*ft 53 l 4$7i3 CTO Y-^H^ TO ^tk^OT 

35B <5T3 31 $n3<3 3R 58 I 

14.2: V iTftRI fe*W 

C3 33 CTO Y-?rf*P \58Sf&rtl X-3f*P ^W&rrtl8 ?OT <$5 rT?T 
S3, C*ft 33 CTO CTO3-3J3$3 (Crystal Diffraction) mfrsus 
y-sHs TOffrtfi ta*ra to 3T3 i (616) mpm 3?4© «tr^t- 
'*iTC«TOfcff (Rotation Photograph) TOfiR TO 

*rf?mT*f to toc^ RaC c^to cto Us^v m&y 
Y"^T«ft C3TO CTO I ^589FWl 5^5 A, = 0'016 TO I 

TO cto™ (Dumond and Cauchois) &gT?3^5 3?F 
CTO3 34T3toTTO TO3 (Curved Crystal Spectrometer) 
3rsrc3i O'Ol TOd»t toito f8wa ^sf^^j *{3 3 %* 

TO TO ( 613 ^08*f S'faj ) I 

3fr firsts y-(?FT^5 “ife 53 E 7 , ^T5CR TO?n fawre *it?3 

E y — hv = hc/K 

^Ffctfj A, *tfasT*t to fas^f© Y-ot>C 33 “tfe E y fafa to 
TO I *fRC«fa m ta *tf353«| 3TC3 Y-<tf*ff *PrTC«fa 3«3 TOTOC3 
fata (Interact) TO ^CTOSR fas^s to i C&fa*F stfisfan* 
tor 3tstc3J 31 mi cto 8c«it^?? 8ito stator to 4^33 fas^f© 

§CTO&33 “ffa? *lfa*IT3 TO1 TO, TO TO CTO Y C33&R3 “ifaf 
(Ey) TO TOfWi (A.) fa8i*M TO TO I 

Y-sfar ^TO^S ^FrTtefa 3tf3 fo^^TC3 t^tal TO s fa) CSpItft 
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fcrsTO, («o <s\^ (?o ^*pi 

^vfrcfsf (Pair Creation) i arffa<i> re5rtor nwTsf fas^\5 
Y^to CTO 2WSI sfell 9J?F^ t ^voNl atorfS m 

fsr-t-C^51 tes<T *ft(F *t*a?T CTO 2^ I 

14*3: y-^ftra TOTf^-^tf^ C*tW 

toj Wte §c^ster<i ^ (PV) ^cwi 

“tf*? 5fwi^ ®nP!T^ C^T^T CTO ^RT ^TT^^vo 53, 

(TFTfcrfi^ *R5J *rf*? hv C*ire«i to tot*[ c*x& 

5X^s TO l fas^o ^Cc^t'C^R $lf'5>*Tf^3? 53 

E = hv—W 

FXgy Y-sto hv WT^s ^C«f^ §V5 53, $$ ?tf*p 
?ZF?iT?r * 135^3 ^T«i^'t®i to*r ( m) K, L ^rfa ) c«ire 
CTOjI §C5I^&T firsts 5ff5 'TO I 

faffaj “I?3F w»m y-^H 3^ toR CTO W*W (?P fa?^\o 
otc^i m >r*t?s? ’pasr 53 i ^f«t K, L sj^Tvo 

TO^C^I R(.«1<pawj <RR lt T < R? 53 W K ,W L ^snftf, TOC®? *^8 

Av = E e + IF* = £ l + Wi, = •■ ■• (14*1) 

4TO E Ky E l a^fo fato w*rc c«(c^ t^s^s ot£i 

fac4*f TO I Y-sH 3T31 ^ TO ?RS^5 OT$1 

(13'3) «1*[BSW 3?4s C&tW ^T^TNm 
(Magnetic Spectrometer) 3C*03 TOTC3J atoa TO 3T3 i 
OTrfaRT *FrT$3 TOf 5 ^ tfwft fafsFa *fTFs3 &TO 

sjTato 5C3 cwfr kcmfa Irsto to \ c^¥3* 
^isftsrw 3C s S3 toj fearafcrsjfaw v£i^& wjrcto 

(Counter) &TO CTOT^Fs TO 53 I faM aT«lfsi<i> *1% 

Y-5H to fato to*r «w fasTO cw£i ^rcssfa^fai csfap 

CTO<T SUCT 5I^TOW?r CWTfcre 

5ra ^ (Peaks) to i (141) to 

l^ra f^T C*MR TOC5 I ^T9(to ^*5H CTO^ fafalT a«T 

c«fc^ cw^i Icff'Rs^sj^w af^m ^?n m \ 
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*RRT*| 'G PF’EPF aTflfcrtl 

43 cm (141) Triform *TOT*n y-?if*p *tfe ^?n m t 

C«fR! CTHtg] $profcra *!fa? ^\C*5 CIW 
to Y-*rfe (hv) ^ Mw ¥?n *ra*r i 



vfafaw *rc*ini 5057^5 eng y-sfara fos*r& ottc&i 

515T3 fjpf»t^ l 

« L, M *rasn*[ ^pra^tsKr sic«ti 
«nw; *rsn L It L n , L m , M T , M n> - • -^tt?? i 
<*& ^ W*W «W C7TC&1 ^C5T^to C^Cff 

^ ^asr ^ i i£)Df3 atfsj^ft *pr* eiw Y-*ft^? toa 6 ! 

m i 

I artfto ^hRn (Intensity) *T*aJT y-sH^S ^ 

w cw? arc«ii §*ra s*. archil Ts^w 

'SnUfffT^-^Tf^s TSF?TTiT *K®T Y”^*fl^ 'otd$l gl^T *fT?r I 

£TTO afeW 6 ! Al 5$, STOT ^5fTSRn faaSS aifa 

( 610 «IS(OTpf fffol ) .. 

Al = - PeJAX - - O ph nlAX 


(142) 
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\JL Dh ‘fofcpF ^Tr^T^-\sTf^ .c *[m ^ c fT’^’ (Linear 
Photo Electric Absorption Coefficient) i n 3^ C“TTC^ 
aircrew ^r i o ph 

‘♦RRFfa* ™ sj'iTW (Atomic Photo Electric 

Absorption Coefficient) i nAx c^tT^^s?! <4^ 

<&m&\ a^R aWJS *K*IJ1 I nAx -1 <®TOT CW&l- 
ftlPTCira *T5RJ^1 ss 

Al/I = - o ph (14*3) 

o ph 4w sna cto>i- 

fasWRT *l§RFsl < Rtf*f TO l »l^5t 

o* = lW« ( 14 ' 4 > 

C*TC^j p p?l fa*rcite siTSl (Dimension) 

3?r <£pk n sirai [L~ 3 ] 53 , ^ ^ *Rn [L s ] ss i 

apfrc o ph *k*i3t!£ sinn i ct^srt 

jiwtcito* ‘sncsiPF-^ifi^ c*ira*i ot&sft' (Photo Electric 

Absorption Cross Section) i 

c^rrSr TOfom ^sp wi o vh caa sir afoasr ^ to i 
<y„h ^tto'f©? cto *rcrai*fa^ *wm (Z) §*ra W* to s 



fw 14-2 

^Nt?t sn:*n y-'nfw tafw c*rw«i n?iw *thratf(?ra cwfra « 
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'Q (3*0$ 

a ph «> z* i «nmW*«w (Z= 13) a^fo % Z 
c*fm TOm *fNi (Z = 82) a^s ^ Z emf ot£i 
^t®w£*T f^S^RTC*!^ aC^» 'TOf C^*ft l ^©U4N 'SfTaf'®'® 

Y-?rf*p TO&rtfEi ( stfre «ito) §33 o ph to i fas 
Y-“ito cto o ph co}jk ^jvQ?n m i Y-a?“P 

CTO ( Ey>0‘5 fsi-i-CCl ) fas^ *frs ^ato^ 1 ! 

m\ fa*frto 5$ I 4CTO O ph °° l ^T I &S3CTO$ Y'^to 
gpr ctot, atfrc “if*? ctot, a ph gra are t 
(14*2) T&cer sic*o y-*rto afastos *rcca ^TC^T^oife^ <?wi 
*|*IR* Vph afa^CSS fatf*fa (Tf^lH i *a^S 

cwSi-^c^£w<t Y-afe afasia Z-w*m 

cam ( csai *ffai, c^n, ^sirftf) smra ??n acmsR, *nre 

TO«d *rcm fas^ i fafa«£ afo ypasj Y-sfap 

CTO ^TT^H^o K-WW CTW fasa^CaS aSHPSl 

caat ^ (am<n 80 si ) i 

14*4: y *f%* top*! 

(611) s(*[C6TO X-sfais s*=afcr fac^a (Compton 

Scattering) asas faTOICT ^1 OTS I Av afa 

5T*a?T $$*$ CSafcr 0 CSTCS fafap# TOT C*FT[faft<T 
afa^ns ^ (astaa 6*27 5 ^ 1 ) s 

4A. = 2^ c sin 8 0/2 

4TOX C = —-5CB5 TOfa i &, m Q v*m c 

w G c 

sstot am-sm, ^ts^rs ^»<r w “jpn «romra csa faDta 

TO I # fafo# C*Ftos «Pam ^TTOI ^"aifa taTS TOT 
afsfapg (Recoil) ^cmtRS afsafar % 

E e =E y -E' y = h(y-yr') 

s^afa afiofaa ^cmtcss “its 5 afew’t tos §acs fa^s 
to i c*Ftos a»^sto (0=0) fw(?[ w faaafc 

to vfafav $$ 43 afe WR 5=EpT5sr »I*TJ ^ I 3RTRT 
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OT3 af\sto 5c®PPtero nfe ^&vs<T33 I (TEFTfer^ 0= 7T C^TC 6 ! 
topcas w feercrifaft a^a to, sna^r fww srf®s[c*r 
ato 5 # I vfltTO fato OPTteR rtlt aftR^PRT SIR S3 

a\=i:-\=2K 
?ato csft&rs a% ^ 

, , he lie 

/!v= T=I+2^ 


^ato* afofaa ^rs^r?[ atofc? sa 


77 —t lC _ l 1C . ~h£ 

6 A, l+<2l c ~ I'l + ZK 


(14*5) 


c?rcs^ a*sr^to ( 0 = it c^tfi ) cspiOw-ff ^<T5?t^ 

atosJ? 4 A. R^Tfw S3, i£l|to fa to <?pto3 “ifa? 

sjprssr i sns^a *p^a to afato fer?stoT3 *rfa? ^sa 

S3 i 

3RT®fa'o Y-?l?«If fac^ac^ ©aca : ®n'a?o^s SE3 

fa?<to aM^g feBRsts? fas^ <k<t i siwi jp^a 
fare af^to ^reila^faire re& to afa csto a^ratrea 
arera aisitaj ^Trea a?s*fe afaaTa *ai m, (145) 
stoarea aTsrcaj srcato Y-af*p sosrafcfpfo tor ^ai aia i 
$ra*ri vfl| aarfsre ^astf^tfia ara *(a af&p^rca toa«i a^ai 
aia ai i 


^®a§a-fawcaa a^iai ^m reraMiSra ^afanii f^f^re ^2 nj 
toaa ¥£sR 3#T 4a< faf*Rl (Klein and Nishina) 

jto fassRto i afa £ato ^*a$JT kfa ^rrre (Linear 
Compton Scattering Coefficient) S3 p c ifla“ aaaTafa^ 
Ireassfa sfc Wfcr toa a^? sa 0 e ( 610 srspwpr s'Sar ), 
ssisre ^jTsrai fararetor 

^='n£' z a4-6) 

(*p!taw 615 w 619 H'Sai )1 ^arca A T w p so$ 
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3331^ * OT* 3?353 

3313rCT SffltfsTt’ra ?K3J1 43< faC¥*TC^ST 333 I Z 43S M 
SC^ ^WI toF3^3 333'I*tf3^ *K3J1 43* 3331*I?33f TO I 

s 

( NpZjM) $m f3OT*iW3 afo *>33^3 3^*113 
3**iji i 

sfi§ 3 43* fatoi 'sif^ cr e *r*3Jii$3 *33 afoas - 

3C33 I $37f3 ^ ^313t 0 e 3331*tf33* 3T*3J1 Z 43 §*(3 ^3 

3t3 sn i C3ts^ (Z/M) a*anft ?3fas csikro c^ua $i*a$ 
3?33to S3, 3Jvs3K 3^33*1 (14*6) si^llft ^3-f3C*F3 $J*tl*3 
(Mass Scattering Coefficient) p,/p 33S3 c lf33 *K3J1 
Z a?33^?T3 3*Fl to3 3?33to S3 31 I 3[sfr* <?lfa 

C«fC3 Y-3hr3 3»3l>3 f3TO33 3513Fsl 313 3313 S3 I tff33§3 afo 
3**ffa ?3C33 ° fl OTTfo33 *fc? WT gPT 313 I ?3iP‘tfs s 

’T'aSf C33t>t33 C¥E3 4^ £13 ®OTFIf« <lC3 S3 ; 3fr hv >0*5 
tsr-l-C^l ^3, ^ISOT SPI%=3-f=Tf*PTI 3^5fl ^31?ft O e <*l/hv 
31031 313 I *|<rc C33&33 *1?^ 3?3I3 3^3 3*3$3 fatWTC 
^ITOFsl CW$1 ^33$3 ?3833t*13 3S13JTO ^313 3f3 

STC3 £13 *315 1 (14*2) to C*Pl(>C33 *fa?3 ^3 afal3 3C3I 
3^3 to^3' 9j*H*3S (jl c ) 3f33^C33 C^315C53 ^33*13 C3313 

SS3CS I 

14*5 : y 3f% 3^3? ^£*135]|5<-*lf%3N 5£t*f §e*tt3il 

331C<3 5«PT Y-3t*ff3 ?3fel3 ^3 3^1 S^ ^I3t3*3%t3 
ym (Pair) 3tf*t^l ^3133 I TO31 OTWft? C3 f?S3 

§3TC3 *$$ C^Sffef C313 C313 3331*1 C3C3* 3%$3 5ffa 

C*t 31 313 I 4^ tP13*$PT3 ‘?333^ 3^*133’ (Anti 

Particle) 31C3 $tf«?s^ 3*31 S3 1 

Wl 33ITs ^«T f35513't ^5313* (P. A. M. Dirac) 

Iw£t33 m$ 3^3 ^ 3:33 I C5flfc*313 

(Schrodinger) §gl?3o C313!3$T3 3^3^11 ^3 31STC3J Sl|C3TC5f3 
3?*T 3331*1 C3C3* ^38^5 34m1c3313 3^3* 3J13J1 3*31 333 ^1 

'33331 (7*11) CK&fe I fof 4| \5T^3 31S1C3I sA®lWW 
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^ yfa (Fine Structure) 3JT*ni *51 ^rr?r i 
ST^TC'SR C33i*[ &5 C39f f3&3*l 

VsIC^ ifl3 ^T31 frT*frf3\s 5?I Jfl, ^TTflf^^SFUW 

5T3T§ fa*frf<Fo 55 I CSITf©\*lT3 ^ ^ 3C3 (fi'Qm 55 C5, 
^C»wteT5 #5*lf*T ^ ®3C3CT3 7{^ *HTv5^ ^ srprst 

53 i feif stfmre *nc*ifo*«T3w aig ^csratera 
*ffe 'Q ^3C3tfT3 5TC*fJ<m Tf*^ T3E3R1 TO (^T?IH$T5 3*tf3*tJl m 
fe«wto3 ^3W*pfta3 e l (Wave Equation) ?raT3H TO 5 ? i $T3 
t£|5t Wq *[3^ Brfifof I i£|^ f'Sf^C'© f'5^»T 5RC^IC^*T 54l®ft?T 

3^[ 9&T 3JNJ1 ^F5^5 5*T I ^sT3 'SFTraST T^i^lS C3 

i(h/2n) sum m (Spin Angular 

Momentum) «[T^W I ST&fa CTOPTirR ^Coi^tcJT^ C«$Hw 

v»3m *s*TCl 5*31 55 ( 5'2 5^31 ) *f**[fi 

(Empirical) <»TC3 i fe3T<F ^ foqf ^CeR#T ^4r $[3 3T<5Tf33* 
^<3?n 5T3 i 

?$3FF ^p ^T3 *(3 fTf^W 5fl$ C3 §C©T3$FT3 

C5T£ *tf^ ( ^*1% + H$ ) *\% C5 «RTW 5E® ‘3TC3 



fosre we; ^*ra?t33 *Rr5Rs* <n*im *tfa i 

9 
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<3 nfsM 

<si sps no i ?v5<it^ rt<r toot wm 

m c*i Iot^Ico csntf *i^ ( + m 0 c*) w?m c^nt no, 

(- m 0 c 2 ) srcn^i to sre no i 4*io m 0 c 2 ^ ItfTOfco hpr 
“ifis* (Rest Energy) i (14’3) ?&ra ^ ®^*iT?it 

^ot^Sco mm nfs? ^hun sc© no vsi cwr toi 'n^s 
+ m 0 c 2 «ct - m 0 c 2 n^ss fagra *fta soj fesratfcro c^R n% 
SITTOs nO ?T1 I 

TO o ( E>m 0 c 2 ), vTO 

^TO 6 ! Bf fosRi lOT^CO si's O I imr *1^ 

S^'sr ^OT^SlCO «ifeR C^ts «M5C?ft «OT SIR I 

B^foCvs ?R c«to wifc$ (Physical Systems) sr tpr (Scpsg 
nfo* cw fawro *fe tow aroi c^m sr i 

^n#ss ?®<it<f ^?=n^ ^crotera *vto<f nfe ^f*r n^si ms to, 
^stsot to totto nfa? nfq? tow TOFfro 

sre CTiw i *hito n K n^ *n toe fawro 

(Universe) nfarciiB tot «io, to ott «rf$^ too© no ri i 
froTCTO sfoi^5n?ft ^^n sr^rRhr to^ji »n ^&r ^fr*! scs? <r, 
T^bwc® tos tori nf^ to* 51 (States) ^OT^fcr toi 

n??p£l sjo i (RtsC'jj ni^fer «m^!T ^ (Pauli’s Exclusion 
Principle) CTOR$R TOW Icro&T nRff© 

nor m, irito nfe to^i c$o* cto ^crofot: mstfsi^so 
Scroto-*# totto tow sre no ri i 

^ c^r toc«i topto *ft? to=5i otot fcOTWfa top?^ 
TO, ^stto^ cnl stfre 9TO?Rr (Hole) ^ o i 

CTO? «£i| wsre r^ir yi^nsr ^i^nW'siT 

BRJ ^ O, (R^ «a^f& ^IWTiRT^ ^TTO ^T?l ^T5R 

*Fio i vsT^i w«r^ nfe wsra ^ ?ito ( ) 

«RT^f?P nfe 5HTW R5^°l I 3Jo3T\ Virw 

n^?l^ >ifS|?Sl9'!5lC^ vfl?pf§ RPU^ ^lT*lR^T^t 

nf^ sterna to ^t^ 6 ! i b«o 

^sjh tor c?r cmS^ sm $i o ^f^n^© ^f®r^i i 
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i to*i callers «?r $*rt* sot* 

&*f\ ^ i 

^iaoo TOT stjtj^st^PR (C. D. Anderson) ot-W (Cloud 
Chamber) ?K??T?[ ttt^tcsij sr^sfffifts^ (Cosmic Ray) 
5TC*n *£5*1 *IT*T, ^Tf?T ^5$ 

31 5C5KFM?T *TTTO3 ^3*1^31*1 ^THH 333 TO I 

*\$tw\ 3TO (20'6) fa*reTO toitri 3*31 

3C3 i £t<t «nf^TOf?r srshrcH 33 c*t, ^ 33 ; 5rtf3^5 

sm fornf fesretera fa*T#5 3^3^ (Anti 

Particle) i 43 3T3 Crosi 33 *rf?&3 (Positron) i *ff®?sfc33 
^TTfaTO *T f rPr?3TO 5f$3TPRT 4#1 '5P5I3 vppi*$ swim I 4$ 
' 5 nf< e 4i^ f^<nc<p<i '5j 5 rr<T3' c i spffai 43 ^ fo^rr?;^ <£ 31^3 ©m^ciwt 3 
i 

§to3 TOU53T3 &*n am C3, *tf#3 ^ 3<rc\5 3 ^ 
fe»wd^If( *ifty «r^ra 3wi 435$i *t3T3 3ro sotsr i 
a^ss® 3f*im *r% «R*5ii §c*T3$3 mi *£l m& i nr&far 

Sfwfa 5T*[TO *£53 CTO C3TO 3JT3F5 TO 31 I 

3^?TK 4W3 3WI CTO 43tf§ &3I*£3CT 31*1^5 *3tf® 3£®T (Tito 
33T3T3? “fe ^!Fto TO 3TO®?3 I 4^3i*t 3^*1 333 

33 ^ && 31*3313* «fa? 3* S T?1‘ §C33*§3fi> C333TO 2m 0 C* 31 

*fa? sr®?'3 to® to (14'3 fca h^ji ) i *i*fa 3ft 4§ 
$c*wW& 2m 0 c 2 srcwi ^fft3*®3 *ifty 3 **ot ^T^ppphr faft3*i 
{ y-3H ) cm *1 TO ^csft CTft 33T3[^ “ift? 3T3W 3<ZFfa® 
3 C® -to i 3«F5rc*T3 to &<f JisrW mm ^#C33 

3JT3 STO 6 ! TO3 I 3SC3 3tf*T 3f«fT3I3* “fig 1 ^3*313 ^ TO#<3 
TO ^TS^®! I stfR 2m 0 c a = 1;02 tsf-|-C^l TO1 
^s?r «rf^ ^?frw *tz*\ 

^ffT (Electron-Positron Pair) ^ i 

^s^JT-viffisT ^ 5u«n?erss ‘nm'i ^ tro§ 

cwhot ^siwHCff^ ^T^wnRr src«ti 55 1 «tfrc 1'02 
fsf-^-C^l ^^1 «lt8F 5P=^ Y-aH TO C^H v f f fTC^ *T*H 
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« <3*5* a&r ato 

ta afesjei *31, WT C* 5 ^*^ raf^^OT a«a t<T?F?rnT 5R5T 
Y-c*T^?sr aara asrcs §^r*gfa w a%sN, «£ii a^pf 
3iaTsto 53 I fPi-^WR (Pair Creation) atal 

?OT ato a^itf <&arara Uvfa i 

yw toiFfGra asrairai sfraaito *rj ^ afsRira ara 
3TT*tT<l«ros ‘^ra fc^aFR a 5 ?^' (Cross Section for Pair 
Creation) arc* a<aira srai fatfa **i 53 i a*rTt«fa screes 
4** C¥a*ta ^f^vs 4*fi> sits a3sn*pr asca *tfa 3*1i> 

y-cwifora yim ^aFr^ra asrarcrc* **n 53 *pna §«;aFR a^f i 
a^ff (a*) to* *t* Y-*?ai 3 ato §*nra w 
a*rFtf3 asarcto a^an* §ae<i i 1*02 fa-§-c^i *rcwi *sr afis* 
a*a?r Y-3?ar ^a toiFR **re arc* ai i y-ato sir 1‘02 
fa-^-c»i <3“ft 5 ta a %im aaca ^ a^* 5 tc* 

<w tos* atos caa s^ ^ ara i afr a*rto 4 ** siravoca 
^osttrt ^rawrepr atan m 33 , ^T 5 ffa (14‘4) aa^ac 6 !* 313*1 ca 
®n*Bn ‘ 3 a*! §^aFR ^ir*’ (Pair Creation.,Coefficient ) 
Hj, w §*aFR a^CTgflr* ac«n tofato a*a^ ait s 



(14*2) to Y-ato a<ca ^ toiFR *(«itc* (fi„) afaa^R* 
chafes atfH© ^nrcs 1 

^im-toiFR a»5ras*r ara$a aaaiafa* a<ana ataa aaFjatfra* 
(a,,« z 2 ) 1 ^*r atai (Z = 82) a^s to Z a^as awntfa src^o 
ym ^aFfcaff asrairai sm^fatora (Z = 13) to Z a*a^ 
aRtffa ^sri* «rca* caaY 5 a 1 

toafs* a*a^ Y-*W *^* ^ §ta*£a vspk atotaa ate 
atoa *ta Y-afe to* *ai *t* 1 ^ ^4r®ftsrra<F (Pair 
Spectrometer) arc* am aT5TC3J *f& ^n3 Y-a% toaa *ai 
as* 1 
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9tTsn-<tf*ir 

14.6: 

tt©T^Sfa- 9 T?®iEto ^T®T 5?^! 3^t>5 fa'^'hs afjRTI 5CE§ §C=T5§5- 
*tffSfrr f5RT*I (Annihilation) I *^ S F5^§^ 3^5 *rt * P 1WTC ! ^?I 3JC5I 
^5555^ fSF?TT?l tFC®T C5?i>5 *1^ ^5 55 \ 5f5C*tC5 555 
2JT5 7 F K9 [ft 5C5 ‘ P l^vp \s*R f 5 *^ ^15*515 ^'oSTR C5H §C«T53c55 

*RC*f f5ftF51 (Interact) TO i ^ fataT5 tot 
^ *{?5?SiiT ^ 5#!^ TO 5T5 S5TPT5 CSIT^ 

(2 rn 0 c 2 ) *ff& k^t^^fTsft OFT^PT 5f*fT3f5^ 55 I C^Ttor<T 

*ft?F m 0 c 2 55 I C5C5^| 45< *fferS5 ^ 5fa5T$ f*5?T 

^ f5%51 TO, 4CTO awfsw ^5C5*T *151 55 I ^<TTC 

<55C5*T 3T«W*I 55 WF5T5 TO 555 '»TO5'Q *pi 5«51 

BCSTO I CT^SRI ^RstiT 45< *fesfol5 C5T& <55*lfe 2 m Q c 2 ^ 

55*1?^ 5**lrT, 55H <55C5*I 5**f?T ?5*f#s5T5ft C55fol 

STOATS 55 I C55$TO 5«T1 55 U'm e [’ 

(Annihilation Radiation) i f®5T^ $T*[5T5ft 

&T f55T*l ftfiffafa* §*fTC5 a^hWH 55 I *rf®rM 5^5 “ife 
5T5T5, WW *1% '515*515 5^ ^TO5 fa* to TO I 

srcWCTPlffi 5«R5*«Tfi *fts^T 55, ^55 5 TO^(-W g C 2 ) *t%TO 
tofe 55 I ^555 45?$ $!fi roH 515 C5T$ *fc? 5^ + m 0 C a , 
fa#»g5? 5^5«1 TO W5 5 ? '5f5*5T5 5^5T5 to to *515 *$ TO 
C^C^T I TOT 55T5I$ ^5*$! CTO 45?$ ?5s[$ TO 5T5 45< 

7ftC5 5^5 W55 ^5*5T5 3f$ 53^#'Q ( 

55 I 4§; ?T<QTO5 TO ^<?T5$C55 C5T$ to ^55^5 (m 0 c* 
+ M 0 c 2 ) 51 2m 0 c* ^ Y-5?*ff5 ^T5TC5 55 (14*3 faff 
5^51 ) 1 

14.7 : 5X55 y-?ftl5 ftfaRTl ^JfRl 

(14*3) CTO (14*5) *$J3 ^T^TO 1 ? 2f¥S ^TC^IT551 CTO <7151 5T5 
C5 to Z 5**^ cro ftnr *ttor Y-5f*ir (/iv<0*4 

fsr^-C®l ) t2J«TRvsS ^TCTO^-NsTfe^ taT5 5T51 “if?? 5T5T5 I ^*55 TO 
0*6 ftrt-C«l CTO 2*5 ^-(751 *tf^ 5 ?\m TO Y'5W 35TOS 
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sfaro toi ?pd i n?<rc*rre Y-*far 

(/?v>10 fa-l-c^i ) sfws spiai-^wro afcTO "fts’TO to t 
(14*2) fTO fesr £fTO *rafvs3r TOTO Y-*fal?r 

CTT§ TO3JTO ( C*TT^®1 9J®IKOT ) C®Pft»5 £Fff*fe TOES I 

Mph, Pc W Pa, *WWW ^rreeTT^-^T?^ *piR?, TOfa faC¥*t 

<W spffi-fcSTOST facfa TO, SsTTOT csu$ sjcjj^ ^ 

P = Ppft+Pc + Pp 

P ’rcnjrfSc^fsr 1 siren spro tot i 

srf? / 0 awftw tfhrai Y-aW^a? .r ^ 5p*fsr cro *rarc«fa 
fero fro to TO TO, <oTTOI fctffo y-^to ^ote toi 

/ = / O^* 

<IWR p TOS TO«4ft<T ‘CTT$ felTw C“TT^«1 ^ C TT^’ I stf? X-d 
C**f *T**&T TOC<fa sftj ftf^ tot* to y-^to ^cl TO TO, 
^TOf snsRIl 

_ln 2 _ 0*693 
** <f d 


cf 5 CB 5 ‘®[*fTO C3*P (Half Value Thickness) I toIto TO1 d 
’ton to p fcrta to to i faffa> *fR? y-<j?to c^fot p *a?r 

TO 3T?T » ^FTO (/) W CTO3 (tf) C^^ltRI Tjp 

(Exponential) affo *r»TO 53 1 sfa In I/I Q i£m x c*TCfra 

%sn to ^tto c*rairafi> toto*h 53 1 tototo c«n^« 

£?rfw cron p to?h to i fcrosnw*! Co 6 ° 
ctoj 117 «w 1*33 fo-t-cm "ft® Y-sH fas^ 

53 1 &m ^ *ft® sm 1*25 U-$-co\ i (14*2) fra cto* 1*25 
y-sfro sifro toj cto®i *[*nw TO31 to p= 0.65 CTfsr 1 1 


„,. , 0*693 
d =- 

1^ 


= 1*066 csifsi C33 *pto *ftro to ^ y-<rf*U3 


tffcrai src# *ft&m ^fro 1 3?? sftro toss C 33 43 
53, ^TTOf Y-flfro arafew ^tenro s^fiw to to i 
CTf’Oto&iwra srfff sw/cnU* ^ito ctpw sir sr^pn to ^t?t 



stsi-sH 


135 


Y-^f*n?r CTO sfans stfSR css (Half Value 
Thickness) dxp= 1’066X 11'35 = 121 sns/csfa 2 i 

fas Z *ro4s cto (ssi snTqfafasro ), 0'05 ww 15 
fa-§-c«i fs^\s spssss *ifa? sIsts scsj Y-sH ssr^s TOifa 
afasTS toi to i /?v<0'05 fa-^-csi scs 

^5Tf^o fosi 4s* /xv>15 fa-^-coi ^ps-^srs fasi otsrt 

«TF» TOT I 

14.8: y-sf%S »ffe f*t«fs 

c?si cto cs y-sW s^ fas^s 
TOfa? tcTOfa SI §CTOfa-*lfar§S ^TOS *tfe *ifaST*I TO Y**tfa? 
fa<fs s*<n sis i cs ss cto ®tT«ras>i srs^sfas 
(Internal Conversion Electron) fas^o ss, (RCTO C5fa$ 
S^ffitST^ SC*3?T STSTCSJ ICcTS^falS *ffaST*t TOO Y-<rf*QS 
■ffar fjtfs S^Sl STS ( 13'5 B^SJ ) I Sfa tfStfS CW5 *ff& 
"tfaFSCSS *ffa? £S SSTTO e x W S 2 , SaT^ 4FFS SCSI SSFSCSS 
TOT fas^o Y-3?*l[3 5S 

hv = e 1 =e 2 

sfa Y-sfap *ffasc£ ^8F StZSTOS TO S^S tC*TS*tS ( SSI K 
§C5TS*Sfa ) fas^ 5S, ^TTO §C*TS$sftS 3S (13*6 SStaS 

B^SJ ) 8 

E k ~z 1 ~e 2 ~ W E =kv-W K 

vflSTCR 5 X65 K S^Ys ^CSS^CSa S3R*1?SF I C^fas* S^pHfaw 
SC®33 ST5TCSJ E K *tfasm TO Y"*fc? /*V fa<S S*3T S5S l 
*T3ifoC5 Y-*T%3 *[S sfas* *lfaSTC SSS I 

S&lTiR 5SS* sfoifam s*3 (Scintillation Spectrometer) 
SIS5TS TO *{S SfaSJ WS Y**tf<? fa4s S^ST 5S « £fa*£C3 ^STSSl 

tfTCSfa CS 3RT3OTT6 4SS <$TS SS^sfifR ZnS *t<rTS 
sirsf^s a-^fs^i s^s* RTS* SSSI TO a-SsfaTO *KSJ1 

fa^s TOR i s^©sr sptcst ess* fcww srtos (Phosphor) 
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*RTCT®t 'Q C^*S¥ 

frtfsre sncTO-^fc^s CTO (Photo Mul¬ 
tiplier Cell) TOTO TO ^ $t«Ml <FTO 

<TO3 *P3ifo ©gTfoa TOC5 ( 15*5 SFJOBSpf H^I ) \ ^ 
TOTO *fT3TC?IJ 5TO ©WfTOsft fafaTOS ( TO Y-fa?*FTO<J ) *fe<3 
^n to i 

Nal (Tl) *i smfaiTO %\z\ *fer^3 (Thallium Activated) 
Nal SRJ ta afaSTOfa Y-<tf*fl CTIcSl-^PRsfisr 31 TOffo 

3?^?^$ fesRFSfa To I i£& ©3 s CWITBf TOJ 

^5^*1 TO?f CTOCT3 ^ 31 33^3 *TO*T f3fZFTO TO1 35 *TC3R* 

f*im 31 5tfTO*Rt (7 pit> 3 fas^s to i ^ c^JT^tro^: 

af ^fPP #$3 53^ (Scintillations) f5*rc;3 cff^fl TO I iSOT 
*Tn 3J1 ?3STO^ ^Rsfcr?r ©33 fa©3 TO I CTO^ “ift? 

fa©3 to Y-*i? 3 R © 33 , 31 $tfTO*rct C33tfoi3 



fra 14‘4 

SSpJS 3C*ZrS JfTCTWI 2fT1£ 3*'$C33 CeT^fW I 


*R*m Y-*fo?3 ©33 fa©3*ffa l ifll C33$3^fa i£Rfi> ^T Calff F-^rtyg 
3?33<fo C3TO3 (Photo Multiplier Cell) TO3TE53 ©to 
' 5lT 9 t^5 TO SEBWta fas^NS TO \ 3^334$ C3TO3 5IWJ 

TOJI f3t*T3 3J3TO TOTC3J WPF 9(*l 31 TO« C3*ft 3f33ftfo 5?r l 




stTsn-sfar 
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few zkis ot wsrct *5RP (Pulse) few 

TOT, ^T?f fa«t4?T f^SRT (Amplitude) fafes *ET Y“*faRT fe*R3r l 
‘*5W fc[SR-MT5T (Pulse Amplitude Selector) «n*W ?^*R 
$OT*fcfiRi ^RT To fa®R *IW i£$<fi*f 

*®RW(fsRr *rc*m ta*w *?n *n$ 1 fa®^®rara *rcs? fenrars* stwjr 
*tf?Rfe* (14 ‘4) faff 2Frf4o 5BRS I far WCT <7f*n TOI CT 

Wf£ SITPT ^ 3 F ^ few ^ I $ 5 ]*$ Y-stf*ff 

C*TC&l-&5Rsto*lfa ffTffl few 53 I «HJ c*R 
*ffafas *fe 5TW Y-fffa - few <JR^T3 *ET STRRTCva: 
ffsiRfa® (Calibrate) *ffi <£R< s5Tff*rc ^sriri sfssre Y-afaff 
*ffe fitfs ss i 

55RS Jl^w 5TOT (15'5) sr^Wf ’STRT'Q ^Tt*ITWl ^<0 
5W I 

14.9 : y-?f% <SR\ 

a 31 |3 fawffCTff *m fo*3l sri otT *TffCT ferefao 

$r* 5R ^ fa^s?r *tf*Fsra 5j«prc e R to y-*H sff. 


88 Ra 



fa 14 - 5 

Ra 286 (&*%?$% a- fa q fo re e$zs r-afai few*F *«*«* i 

v£l^siT fesw *31 2OTS I ^KFf* *Rff i£j*§ C**5* WR 

wfo 7f«9|^ y-3f«g-rp5 ?3S3fs l 43 TOT #1^ 
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* 1331*3 « CTW *f ?353 

“rfOTBT 53 I *tf*FS£33 5TC«IJ SRffSIFRr 5FC«T fJTS^o 

Y-3f*ir 35JC53 “ife w ff?s^o a-3faff*F5«(fai3 *fT3**ffa¥ *ifa? 
3J33TPT3 5IC<U SK^ltvs e[T^T3 3>31 l 'SfijSSPS ^RTT^ C$* S 3 * c«IW 
i£l^lf^ ^csi *T% 0-9p§ fas^fo 5ff© C*F«n 3T3 I 4Ff3 

*fa?3 *iRi»nf?RF 3mm 433 cro fagsj® v-q fara 

Slew SfWfo $IT $1 I 

^TOro^a Ra 226 3n§c*rok*t3 a-^rtor 3«n ?Rn 

ctto m3 i $$ Tto$=t fasfai?«re ^ fanfare ^31 3T3 g 

«Ra 226 „Rn 222 

^FTO ohjH^ f?fg^c 53 i 4^3 *fe ^ 4*795 W 4*611 
fti-i-Coi i a-?33$R3 *R5i ^ <$*&$ Rn 222 «w 0*188 

ThC 


0.619 • 

0-492 ■ 

0473 * 

0 329 

0 040 - 

The" 
fra 14*6 

ThC t4*dt<><t a-fa^?Ri c^cff y-fff»si fo*n*ra *rcsR*i fswfa i 

*ffa? 3T B9 fi^ Y-^Hi fag^s 53 i ^ csta3 sforea faresn to*! 
§*TC3I^ uj$FW& a-?3^T *lfa?3 SIR 53 ( 12*9 JJsflTO H^3I ) 
33TTO 4*881 w 4*694 fa[-$-c©i i ^ ^ a-f33fr? “ifer *nsfai 
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0187 i ^ <sm ^rc?r zprs Y-*if^ 

?m sra TO?ss *um 3£rr?r i (14*5) to a <sw y 

tofsicw cro ^Totci* smto scare i fra rec* c?«n are 
Ca Ra 226 c^sg^ a-faa$CR?f 5FC«T S3 Rn 222 C^*5PRT C5fa ^a^a 
(Ground State) to ai sa 0188 fa-4-csi §ref5rS5 siaTO 
TOFfere sa i c*icar<F cro Rn 222 c^^f 0188 fa-§-c«i «ife 
’P 9 ^ Y-^H TO tf©fa SC3 5Rfff*T5 sa i 

(1216) sisjcro a-asfnTO 3flg[«itera(Finc Structure)§cga 

^n scare i &fTsa*tw*f ThC-^* ThC" a^area cro *tt 




(C) 


29 



(d) 


?5ff 147 

UX a (Th 234 ), F 20 , Cl 34 «<m Cu 84 c*wttf»ni c^ht 0 faafa 
adsrtf y-sfai §s*fww?r fa?*fa i 
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*npn*[ e cro afara 


Ww a-?jB§ areal to i isto gal Wt? 611, 

6'07, 5'76,5'62, 43< 5'60 ftt^-csi i iscto Y-ah^ia 
*lf?F 5t^0'491, 0'471, 0'451, 0*431, 0'327, 0-287, 0162 
m 0’040 fa-^-c*i i (14'6) fra ia|»Pt araroa CTO acarei 
*[fe®a*(fs[ airf4j 5tat5 1 <$£ fra Wf W®^ a-y% ^ Y-af*p 

&*lf53 TO a5C®& tTshraR 53 I 

(j-faaSa Mw to« ca^scaa “fesa^ra a?fo fa4a aan 
ara i forow UX, (Th 234 ) <m 0'20 <aa< O'll fo&ei 
«tfe sm 5 ^ aata |5-^i fas^® ?ps p?«n aia i iswa *fe 
aiaaia 5 a 0'09 fa-tcsi i *atro ^ cafa UX a (Pa 234 ) cat? 
0'09 fa-$-c*i *fe ’T ,s w y-ah fas^s 5 t« wai aia t asaroa 
wta acaisfi "itssa fra (14'7a) fra aaf4s 5 cac? i (14'7) fra 
anas ?ta?fi> P-*wfto cro atatsfi *tf@sa fra aaf4$ 5 tat 5 i 





15.1: 3JW| 

c$wfaF3 *m< a, |3 31 Y f3k J 3 c i W*r ^313 w w 
<s& 33 ® ?3fo3Fi3 Sterol aksrcro brj 3Htf33 ^ 3*3 igrt^ 
TOCS I &TOTCF WRI*I?[te ^T'Q *133^1 3JPI fa^Sfa, C333, ate^R 
W ^ril SITSR-feWTTO f3fo3«l 3S£, 331 Caifo, \53fl>33, a^?53 
srj %m f^iro 3*30 §gif3\o 53 i ^ 33 3t*33 3k 
*raf\5 a3H«s fafTOra sm ^*it*r ^snsi, ^ (Scintillation) 
&3aT*R ^nsI 31 fam 33W3 CTTCfrstfTO C1TC$3 §*{3 fatal TO3 
WTO ta3 to I TOTaro fafa3«l (Detector) 
3t*33 TO ^#?TO, C33-TO, TO^R-TO, 31^33-3*113 TORW, 
53^*3^ *K3JT3$ a^fo ta CTO* «{3 1 STO^l 

fat*[3 33C33 CTO3*k ^353 C3 j ra>TaTta ca$ (Nuclear 
Emulsion Photographic Plate), CTO3TO 3\333$ (Ceren¬ 
kov Counter), 5faa?33Tst (Semi Conductor 

Detector), **ftaa-TO (Spark Chamber) i£i33 ^R3-TO 
(Bubble Chamber) a^fo 3*3*^ ^ ^ ctoi 313^5 

53 i 

tficra TO ^R^FTO 3*3^ awta 3JCT C®#?F3 fafa*33 

?TOTC3 35*1 afa3TC*l 313^3 5$ I ! 5[TO3^ 

*H1PRT 3C3I 333 CTO 3333 &?aR3* fata*!, 331 a, 0 31 Y 

W*3*i am to anaffc mH^s 53 1 to *>nta fepwi- 

FfTCTO 3^*33 ^ $33R 5Tfat3 ^ST^fS Wfes TO 3T3 I MTO3 
TO k®3 TO S^ata kk3C33 staTO I C3CTO*T, f3> 
3*aH 3TCT3OT& a^fo fawafal $$ 33*1 3*3^ 3I3TO TO 33! 
*pn33TOt TO ^Tk«TO TOR I tmv\ $3333 TO (Ionization 
Chamber) 3*zrfS fafa*3C33 faroHs w ^tai afasira* 
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*RWT«l S CTO* 

«fl( aT«fa* *[Pf TO, TO^f ^piS TO* f«H 3 TOTO TO1 

s?r i ^^srr=r vm* to* >tto ^1 TOffifar tosirrt acsTBFfhro 
c*wi to i ^f*$F*n:*ra qto sm c*»to totot c^sffaFs 
faf*<H (Individually) f^t?*T *?n 5$ ?n I 

C5T5RT *$ 3CTO TOTO *$TO *1**$ ^ CTO I 

*ra*ffi Uim Ui*w cto*^ Wtoi 

t^«T*pp *tcto *fai cwsai i 

15.2 : (FN-TO 5 

**** ^TTCwT STTOOTCvfr *TSCTOft (C.T.R. Wilson) *sft 
TOT ©gfo$ *C?R l v£l^ TORI ^rT^TC^n Slfoft a ^1 

J3 *fa*i<r 5R*m«r (Track) <?tor to csi^n w 

*STWTO ^T^TC^n -il^TO 5WTCTO 5fTC*[T*fcTl SJ5®I TOT'S 5JS^ 3[3 I 

(15*1) te 3CTO TO! A i£l*fi> TO3i TOP TO TOJ 

CTO foro! (Volatile) ^scro to TsrTer© <n^ ^ srj cto *nPT 
'®n*^r «m:* i A *t*p?r *p^c«[<t m 5 $, to 

^CTO TOS<T ®m«TW fTOH 5TI TORT *WTO5TC*I SRf^s P 


Light 


To Camera 



£ 

1 


fra *15*1 

csra^™ ^iTa«fwr1 1 

?*pftTO TOICTJ *c*3 snTOi stJTO* TOfara (Compress) 31 
epnftr® (Expand) TOR 3JTO TOP 1 P f^CTO fe*lf?P5®r TOT3T5* 



owfa Wwi wtot 
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(Felt) sn^n toto?t toi wfs «ncv f sure <$a 
§*rt cro ^rrcsrr^ atotsTtf to ^itw<jt?t to sot sn 
no i ?ito ^to<r fa* cto to A tort stjtto 

sF^n (Adiabatic) sr^rt «Pnto *<n m, ^ttoi && snu^R 
^PCT ^ra i too ^\sT?i srf^R? (Super Saturated) 
3<3m?r ®rj mro toto to f 5 fa o^r fags too *R*to 
(Condensed) TO 3TS I mo TO ?*f nfssirc *tto*n s&ih 
nr^oi srIss*? nTOr i ^nbr ^tfofarTTS (Ther¬ 

modynamics) ?it§r:si o to*! csran m i 


NsT’ftiT 9i?\5farll CTO ©?H1 ^ro CS CTO OEO (Convex) 
^nCS 7{*9I3? TOls 5Tn &5F OCO nSOT «^<T &n<TTO 
R*n ^ 5Tn OT1 ^5?I O l g$ SOTS nT«fa p SjG% 


P 


2S a 
/T p-<* 


iflsiTCT /> TO5 ^T®Wt?T Rn, 5* TO5 ^oTORT (Surface 
Tension) o* R TO§ OCO ^<?&T *P&T SZFal-TOPf (Radius 
of Curvature) i p iss* o TO5 wkfct o^f os to stcto 
SRI} | *n^vsS C^FTR SRt^va O^T fags SSFOSOTsf S'® TOT 

'sjf&s ^ncs toT*fin sT'nhr Rn *&s cs*ft ss i »£ra«n 
ajfato CS TOfa Rn S^® «"ft O TO^O^ ^® 8^5 O l *[OT\ 
$rfo ^5 0«T fapmjC S[S F® TO^ TO ^TT?r I 

4 SR A TORT STIRRS TO sft faf nfaTT 6 ! SjTOSl ^^5JR ctfC*, 
S5TTOI ?FSreTn nTOTO (Adiabatic Expansion) SOT «rfv5^ 
(Super Saturated) TO nTO§ sRlf^a TO no I TO«l 
*t?sTTO*[fa TOr*Tfv® ^rto toTor CTO (Nuclei of 
Condensation) too to TO i srns n?¥ sfa A TOR mss 
src*ti c^h *iJo f i<t ic n «n $nw ^r'STn smRC®!?! ^pcn *ft^efi^ J '5 

* ^UTPRl SICTOTS ^T«t SR*to TO »«fCSf <5?mfa*J 

I v59(ffff ^ ^5 (R ^qtowsr *\KW 5RW ^ 

to TO I TOT ^to®n ?tTTOT WfR ^ 

TOT'S TOn?T ^ ^1 I 
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smw *i?sw c T[^? «ffvs^ 3T®n TsjTjets m33 sn;^i 

3fcr cto ^nto 4?34i, 331 331^4 31 3RT34 to?r 36to 3rc4 

S5TSRI 3sfa4rS[fa *£*13373 3J13 33to*r CTO ?S3TC3 to 

3C3 I 31®! ^33 3^331 Bit® ^5 ( BIHJVsR 

3*3S3 ) S®31 arcs'® 4TO CTO 35C3 ^ 5C® "P 18 

3S3 i varies ^rT’S'o 'o?r« s f f3*^[?«T busier ^5 sc®i® tojtc^ 
«rj *m ^ 5 s ® ^i»flfv5 to m *n i ®Tfs* ?3TO3 toi tot C3 
snto \53*f ?3*^3 ^33313 3*^*? 3T«fl3 tot 33 3fT3®3 butos^ 
?3^3 §*r<m<r 3T«ft3 &m ^cw TO3 33 S3 i 43 3T33 
I 33 M 3 ® &3TR c3T3n to i 

§to3 to^itri C3t3 c?3i 3T3 C3 <f5T3®3 sircmta ®3 *i f3^3 
5*5 3T W #533 SR 3TC3 STO®2 ®3CTO ^$TR3 BRI I i? 33T3T4 
3®as7 ®3«T fa^3 C3T$ (Surface Energy) a?33T3 am 

4irR*S S3 i 43TR 5 sm ®3E*13 I 

<53RT3 ^flPTTsf 33 SM C3T$ 3C3 TO I CTO^? 33S 

c®t® 5[®9ihi (Physical Systems) 3T®rf33 fri3®3 

*ft?T 3 B 3?7 TO^l ST3 S3T3 »33®1 TOP, ^®3TC C3 CTO ®fTTO#T 
®3®1 ?3^ gT®Tf33 3I^3TC3 2F5T*TS f£®3 3}T3^3 iW SC® TO, 
TO^5 43 STOS gT3 <m I Bpfa ^$TR3 a®TC3 3T°3t^ 5 

SC3 3fT3®R ^5®3 SR 3T®3T5t S<^2 ®3®1 t3 i ^fTO ^[T'SlIW *$ I 

3fT?S® ^3*1 f3*f3 C3C5 ?3^[ TO^Tlh TO! 333 I 4C3CS ®3®1 
fs*?3 C3T$ 43 *[$*ifs? w f*i¥ *tto 33to 33T*r S3 i 
0 ^tto OTr fog* *ffe] a^R Q 2 /2^ 

S3 i i? airc^r, stfrc ^535f f3*^3 to^*t »i^? 

gPT aT3 l TOT*S 'S^feT f3«p ^a3TO ^ITTO ^3 ^^IR3 
1*4^1 3T?'5«! 4C3 TO I ^[53T\ ^IT?S^5 ^53«^ ^3*^3 ^a34T3 a}»s^ 
3T®at3 CTa : 5[R4^1 4R 3T3 ^5T3 5fC«T ^5 ^5T3^T 

\5{TfS'® ^3*?® ^{3 voTv^>|v®iTv^ SlWIs^® ^3 R I 

srrfS'S ^53®! 13*^3 i£l| *TC^3 ^aC3^ ^<n>H ^I?3^5 R3-3W3 
4T^a«fT^t fa^3 TO I 3?? C3R qfclTO^ ®1^5^ 31^ WlSFS 
5IIHR3 33J to mft $n?R 4f«r41 ( 331 a 31 



J 


«r~v 


* 




' / 


S' 


♦ 




fra 15 2 

c,sra-*c*Ri sra fafew ssfwsra *nc«iwfKr 1 

(c^sjfarsr c*pj 

f>It®]5^ 'S ^f%® Radiations from Radioactive 
Substances sf$ C’tt 5 * > 



CTORfa 
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P to, ^ttoi ^^Tf& «nn?R s^^fanr sot »i«TC®?r 

^FC«T TO OT*I-W ^H<I ^ «RTW i*M* *HTOW 3[TTO JPTOT 

fes*ra to i 4 ^«tpt few* *tt?r toto 

^fts<R CTO TO TO I <fiOT* TOTO 

^sr s©^ fa*^=r srcwfR® wtr srj m>R to ?*rc5r 
faRR^T *pfaTO asrwr (Track) siroft ss i 

tos *ito snroi tori totwj va^ stotto 
mTOfsa sero *ra*i*ra sr i asroaws rto sbr f 5 *ps 
^ist t^sj ^ S3 TOT 3=3$^ ot-to (Cloud Chamber) 
WIJ1 C?<R1 sr i 

^^PR CTOTOF P fa'STOP ^feR to cftR ta 43 spejgR’S 

TOTO* R31 ^ I mto ^RTO TOR TOIJ *tfrf fof *faTO 

*PsTO *TTPF, TO£*T ^5»P? 3FR lto*IR *R^ 
sr i to cr^et toI 5 Rt fara totor ^ to i ^3^3 

TO3RR TO’S ^fJTRC<P 2fRTf3^> TO *tfwn R^TO* 4^TC3 
TO 5R I 43R3 CTO &5&*[f^ *TT?^ WT <FC*¥3 SMI to 

^353*1 TO, WT SRTOflsf ?RP©m SPTRCTO TO ^ 5MF5 #©^ 
3^ 3toT?$3 asR^w tost «irsR9(T5ni sjrr sRt^vs to 5sr*wct 
f*fRR TO C^TC^T I 3Tto 3J3=5R RETTRJ 43^ SSIWlto 
*TOTto TO TOR3R RETTRI 43 STORES SER TO 5R l 

RTTO*!^8 C'tRl TO (R WR*F «n?R^T»I ^iftoWR top 
«T?*R*c3 3^3Rl 5R I qiTOW TOCfRT CTCT 5^*1 $Tfo*FS^ol 
(Super Saturation) sprst ^TC K ^R siot ^CBf^ “(?P l 

«RTW CTO ^^2 myp ^rfvs^^sR QRT®?^ 5$ I 

^fvs^xSR TO rn*R 2f7fT^c|-^^s^ (Expan¬ 

sion Ratio) i ^iror^ ^t?ir<t c^zg *r^r<t ®ri 
aro^-^ncs?! sir 1'26 ^. w?iv ^ra cto ^ 
^ITC®?f TO 1*30 ?P51 SOT3R ^ i 

(1210) ?K5 a-^sf^TO B5l«lTO?r ^ITIRT^ff 

a*ft«T5 TOC5 I (15’2) TOJTJTI ^»ITO asRTO?I 

CSM-^ f^rp^T C*fTO TO^ « p-^TO 


10 



146 *f33T^ 'Q C3*53 *t?353 

a-3?*13T3 ^5ffiT3 TO3 •JfIto 53 I 3T3«1 |3-3? e f3T3 3TT333 *33^1 

a-3t*t3T3 TO3 33 53 \ X-3f*n 31 y-^H tot3«iss to 3 
to 31 i to toi fato *f3tfTO *13313 x*rx3 §x*i3t3 
§to to i 4^33 toRs&!T 93X33 toi siT33 3X3 43< 4X l r3 
53«ra of ttor 3X*n s*tito 53 i 4X*r3 5iTTO«t3$ 6-3 ?*h 3*n 53 i 
431 X3 *rc ^ cto? 53 c^fa *rc^? 33x*i X 31 y-3to 
bspfw fto 331 to i 

C33-3 , 3?£ 3% C&133 XTO3 TOI 3T31 TO?, ?5TOT 43 

sMi to tomfa ^snto 3? e (3T3 53wr *p st^toI 

3!F 5X3 TO l 4^3\*t 53*1*1X33 *TOT3fcs 95*1 TO 43 30?^! 
*f?33T c 1 331 3T3 I 4^ 30=^1 43* C5MTOF3 WT3 3X31 
3^3 ?TOiR 513 *tf3TO TO 3fa3T?£3 ^53X39 43* 3ffo *13X1 
spFTlJi W ®rRl TO i 5i5Ts?T9to 3to (Cosmic Rays) TOI 
3^sfR 'Slfo ^e& *fe ?3to 23T3 5JT?5^ 3^31, 331 ^X®T3&T, 
*fff&T, CSPR, spwfto TO3 9J5F5TJ* \5VII C5M-3W3 *IT5TX3I 

3^5^ 5X3X5 1 #*I ?359Ht (P.M.S. Blackett) 

9T^9T3-S[fIT3 *1*31133 TOI C33-3X^3 STO 6 ! fa3to TO 43 

*1T5TX3I 35TSrT9to 3^ 33T3 *15i?^3 3X3^ Wo ?33R 

3X33 l 4 *TTOi (20’5) ?TOTR1 331 5X3 I 

*n*ato3TX»l 3IT 9 H C33-3^ (Diffusion Cloud Chamber) 
TO3 '5fT3 43213T3 33^3 C5I3-3*F §gT?3^ 5X3X5 1 4^ 3X=0 

43$ #TX53 83X33 TOI W\ n?3TO«l C3M &5T?ft (Volatile) vd 3*T 
3T31 3TX3 I 5?T3$X3 43 3<3 3fo 3I^T-®T| ; 5[^n|c®3 §*1X3 

^Tto 331 53, 3T3 TO 53X33 3X31 *to3 C3X3 §3X33 to §3TO 
*R?33 3T<3I §*3^ 53 I §3X33 §3s3 3T*3 3HTO3 TO 

3^5 *flX53 ? { tX 3 TO'533 3X3, 3T B 3 5X^3 «nX3 43^ 

^3XTO 53 I 4§ SMI to 333 C3T3 &5‘ 

®3?5S 3f331 ?3533 3X3, ^33 ^IX*f3 S3333 ^3^ ^f3i?^X^ 
f»nTO 5X3 TO I 3im C33-3^ ^ ^?33TX^3 t3X*I3 ^^X3T9t 
33 I TO *T58r ^T?5^ 3?33T3 533^13 2Pfto3 ^TX^ 

4^ ?3X*13 I 
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CTORfa f?fo?«l 

15.3: awrw 

(12‘3) ?*a a^pr a*foF$ maT&ai ?*?i ^rara i 

(15’3) fora ^ at 5 ?? ^ai a&fof® a^ara? fo?*fa c?aR ^tro i 



b 

s’r pjf/7r.77ti>f >.’>. ////;;/s/;w.’rr -r^ 


f///•//a • T> \ 

c ^ 


t>y/JTSS/S/ /S/S 7 /.V 7T /;7?r».W;M 


far 15*3 

^iT^ra-5i7ira ^°*rrra^ i 


B 5 P 5 3R 5 enU ?Jia >p«m 3ITTO toPl, ?T? TOJ 
C?*Rlffv5 ?Rt?T® C aTt<F I ?RtaTt®? W 

??n? a? 3 ( *jt? '01 c^rTsr ?na a'asr) tfat^a ®t? A fra 

to cttrtr m<$ i «i& ®Rfo smcra? to to i C <m e \ A 
®fi^?T? 5% srraj to? f®®? fora ata ?ri ®Tt?? aRTtai 
?fe? Wt* fa®? at®? 2OTT ^?T? ?K^1 sfTt*P I ^T&TOT? 
^1 ®]$?*$ ?t^ arc^a? aT3Tt?i fa*?tfa® to cate 10 cafa ^ 
'Stt^tr ^riT^r ?t?i *$ ?ri i sn*fc ma? a<ta *jfasnc«i 
§?T?t ®?t«T? ?T 6 a ( ??1 §aT^®T-CTOa ) fafal® ait^ I ?Tt B a? 
^iKfow sm aR i9?s cr7st am s? i C 4?? A ®?®^? ^fo? toj 
aR 1000 cto fa®? at®? araro ^?i s? i 

awiRCT? sfc*n mart®? ?na *(? totr ®ri 1000 cto 
fa®? at®t? faiRa a^asr ma? at?i smtaT® c«p ®fa«; cam 
(TORi-cam) ^t® arcs? i to c<pr a*asr $u?a- 

§saT??s fafa?«i to a?i fora to, ®*r cam '5na'G 
a?xw at£ i sutrtc®? *[? afei?ti> ®?^t , ¥? aT?tai? sir ^f® &s 
S 3 I TOT «fl$ «TTOT ^a!T SfR^fa am®? ?R 1 ?®a TO TOO 

$rfa*F ^strir fe*as to i »sft ??ta? ?®a tor ^arca sra 
a?R®8 ^tOT^foi? toi i am®? ?t?i ?®a tojr §«iar?ta? 
tot srf® toi aara? srcai (10" 6 cat?^? Rtai) f?^ aw 
?r«fw 'SiRa, sptfrc caa TOa-a^aar® (Avalanche of 



148 *RWT«l « CTO 5 ? 

Ions) 5W3 vsTaft?! ^TTOTfe ^ ^ w ^ ot 

TORI CSTT^«| TO «fTC<P I 3fflOT5<! §TO 3[T*ffa© w-^to 
toj 3fT?r lO 10 *n?ro «itw »*& wn fafoTOS 

§to ^ to sn i c*fe?rc ?iftsiRi-si®ira 
sTTsrrei fata - sto fcfosc 6 !?! ( a, p qi y W^rcw ) 

C^T^n 5TSTC 53 5Q I 5K*(JTTO3 TOJ fc**W 5 K<urj <£|( 

53 9nT5f-*lf?R^ (Gas Amplification) i 

s^tort toj T^pi Scsrefa ^e?ra ^ ^jtwtss 
CT f W 5f<flpit« 53 ^T3 TOT 4<T faTO<T iSWft 

53 I 43 TO 5W® «RTW ^RR9jftr C 3TOTtf5 
4FT 53, TOT ^IT1?IT^ 3TT3T3 faTO ?TO WI I 

W3^ ^T?R^(?ffT ^’f^TfND «JTF«RT 5*3313 ®FTJ ^Il^PS CTO 

3jtc3Tc© c-^to 4^3 aifi 10~ 4 cto*b ^ 5^ i tot 
43f$ sn?rc 3fa3i ¥ 3^*1 ^3T3 to srr?t 10~ 4 cto*b 

5R?r *tfi3 ^apsnoR'k 5C3 <ro i 43 to wjt?i^¥& $tt313 
=C©5T 3TT3 4?tfS W^®i?r to*t fapr*t ¥TO sre ^3*513 fro 

'5IK 3 T I 

5TJTC3TC® C3 WJRft ^¥33^3 31 ¥3«3-3TTO (Voltage 
Pulse) ??$ 5$ v] Tiwm 5RCTO3 (Signal) ws 

Scsrs^sw 3&rhr (Electronic Circuit ) 7TT5TC3J *t¥33¥3S5 
(Amplify) TO ^¥<»¥< 3 ¥*re (Record) 3^31 TO I 

4WT C3C3C5^§ 33T3t<f *rRR*(fa stctot^s 333 - 

a¥ro C ¥to ^rsm 53 , ct«(T®i sijfttto c^ to 

¥3fTO3 ®RI 43n>l ^R-smnPR! c^ft (Space Charge Sheath) 
^ TO I 43 TO ^TJTCiTTC® $WR TOFT1-CTO*! *{3 ^TvSTvsT?^ 
(10" 6 <7TCTO3 3C3J ) m TO TO I 43 TO 10~ 4 CTO'S TO 
3TO3S TO ^JTC3TC©3 3TO M^vs 53, TO 

^ITC«KI© C«[C^ TO I 

TOCJT TO^i TO CT^(?cTC¥ TOSJT«p^s ?RTOf^o TO I 

2 TTO TOIT^^ ^TO 5f^ 5?r, TO f^TO?T TO 

TO 5K2FTsr© $$ I v£l?f TO! *OT«[5{?»T CTO ^rfTO^pft f^S^o 
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53 43? 3?*ff m^TT® ®C«T3 ^£3 5C3 GFltfl to 5 ^ 

fiTS^s 3*£3 1 tfftsiW to^fa’jfa S0TCTT£®3 to 3T3T3 

3TSTC?T SJT3T3 *I?3TC®3 5T31 ?3^®T 5K3W ^T<I=T to?F 3-C3, 3T3 *FC«T 
*>WMTC®3 3*T£S «TT3T3 ^ ^vo m3 I 

*f?3&?T3 3fc *[=T3fijfe 5C® m? ^T5£^ *I?*[TT33sft3 3WI 43*i$ 5 m 

«Fj[af3^ to3£*T3 a«TC3 3T3?3T3 C3T^*I ^ 5tfs 3FFC3 I f 

TO^T 3$ 3*3T3 5RJ 51?<IJT33* *1^ v§*rPft SfTSfa 9I1TPT3 5RBT 
$T5*[ ^ft^jsnCT C$H 35 mstf^ (Polyatomic) &ST3t ®3C«T3 ( 331 
totoc335^) *i»f fsrf»rs m3* i ^ 3Tm3* 3*n 53 ‘k3T33*-3T B *r 
(Quenching Vapour) 1 tftof 3TPTO 3^ to 

snOTTfe® C3TTO3 ^33T^3 tok® (Quenched) 53 1 

SIR 3*31 3T3* C3 43*f 7f?m33* 90% W SflFT 43? 10% 
totoC3*T5*I 3T 69 f 5T31 C3T$ 10 (to (Iig) ETC 9 ! *[4 3*31 5JTC5 I 
^ ^T33 ?ram®3 ^31 i£ft ^ 2T3T3 m33 ^T3^| §*lto 

m3* I SfTsfa <3 totoC3*T5<3 3H33*[?<33 TOR k®3 5^ 3^T?R 
15*7 ^-£®T 43? 11*3 ^-C51 I 5IJTRT® «£3* 3*JTCm®3 to 3T3T3 
*[£3 « C3*T5£*13 3U3H^k «f^£53 ?l?£3 3T33T3 

?I?3T® 31$ 53 I *>to ^T3^fa 7I?3T£®3 3FOT C3*T5*I 3^ C3£3* 
to3*§3 ^5 3*£3 ^T3H5k *ER1*(E5 3i 9 lto^ 5£^ m3 t 3*T3«l 
43 3pC5T £3 *ffe 53 (15'7 ^-£®1 ), ®1 C3*T5*l ^£3* $IT3to 
3*3T3 ^fPF 3£3^ 53 I 4^3i 9 f 3?3T£®3 C3*T5*I ^ «T13to 

53 I ?3*f 43 f3*R(t® a%F31, ®r*fl3 C^T5=T ^133 *3 to3 *1331*[3 
Sf£3J 3*£*T «n3T35k C3*T5ST 43? to*T smR §?m 5C® 

5£® m3 31 1 313*1 4£*W “ftg* 53 31 l ^nC3T® <3 

3*ITCTO3 src^I 3T33T3 ^?3IC^3 TOT QT3 3Sf® ^T3^T sjWFUfa 
31^f3^ 53 ^3? mm® 3M ^T3^t^ 3T3 ^13^ C3T5^f 
®IT3^ 53 l ^ C3T53 ^I3^^kf'Q 3HTW1^ C«fC^ 

^OT^ST ^?5T5 3*C3 ^T3R5^ 53 I kf ^f®C39Rt 3f“ff 

fsTS3T3C®J3 ^?33^ |^3t3 51?3TO3 3RC3 C3*T5^ kflS'd 

(Dissociated) 5^3 3T3 i . TOI m«fl® WI? 3*C3 C3*R 
to3*fo 5C3 C5WPRT ^T3T^S 3$TC® m3 R1 I 
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RRRT«1 « CWF R?R5R 


^rtcr ^ejrcrtrj cr crrs*t «i*pr r«r jim r^ stt^r 
STTRR^T RRR ^RTR^fa 5CR RTS, ^5RR CR (15*7 -11'3) R1 4‘4 
|-tf51 *fo? S SR, ^51 SfftcCRRRt R?“Tf Ts*nW fas 3 ?^ SR « 

RW CR^T^T RT®R RTR1 RSS^ C“fT?R^ SR, RSJTCRTvS CRCR* £C9W&R 
R*CR R^sR CRT^R ^RC\j> *fTCR R1 I 

§*TCRR ^KRTSRl CRCR* CRr’Rl RTR CR ?RRTRR* RTC^TR TrrWRns 
RTRR SCRTSfR S (rs) 43 $ITRRR ?R^R R\RJTRC<FR 2TRTR 
mRR ( RR1 'SJTRCRR ) $TTRRR ?R^R RCTO R*R S'GRI £JCRT®FR ; 
( R ) 4R SST^fcRT RSC^ fafa'd SRTR SfRRSl RTRR £OT®TR ; 
(R) RTC^RR ^TOTRRl RH CRTR«1 ^R^l &5 ^'QRl SJCRTWR l 

fRRTRRr RTC^TR fstwd S'GRTR 5TRJ *fWf*fR RIRSTCRR RCR 

iflR fRRTRR* ^R®1 fRR«£ SR *3R\ RSRJTRRsft ?Rfer SER RTR I STCRR* 
RRCR CRR^RR, CRTfRR SJTC«1TC®?R RITR ?RRTRR* ?SRTCR STRUTS 

RJR 1 SR I ^RR-RlRR fasn R 1 R*taR RtfR ^R rTrsTTC*! (01%) 
^IRTR fRRTR^ RITR RJRSTR R^Rl SR I ?Rfsrc> SRTR RCR RR 
RJTCRR RRRT^^fffT *fR^CRT?5^ SCR ^if'r *WjU5 Ri*(T3?R5 SR » 
R^ i£& mvfo. fRRTR^ RITR ?RR^ SR R1 mK v£J^RTR R^RTTR^ 2 JTR 
®RSRR»T RIR ftRTT*ft«T RTCR* I 

§*TCR sfTtfRTfoo RSRJTRR^faCRs ‘r^s-Trrtr^’ (Self Quench¬ 
ing) RnRJTR^ RC«T l 4 ST^l *{R CRTS (10 9 <3^R ) RJRSTR RCR 

R1 CTTTORT ^RT^fo fRRTR®] R^Rl RTR I 

^S-fRRTR^ RnRITRC^R RJRSTR^ I 

RTRTRR^S RTlRTR-SIfTTR R^RITRC^R ^TCRTv5 <5TRf$ -AflRsft ^ 



fw 15*4 

RT^RIR-RIIRTR R°R]T?T^ ^Rl*ttWR ?§ : !T?.R?R • 



crofter tombR 1 
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cam (R ~ 10 6 ) swi to toa §*prt sRPi *tc^f sore i 

?Fpr ctw ®?to ^^r?ft 'oT^sto / cam toa to 
aaito sxa *inpn© fa^caa s^ IR ataw ^to <?ra i (15*4) 
to ^* 1^1 ar*Rs (Electrical Pulse) ^ aw^l 

SPfto 5CSC5 > 

to^WTOJ ca §aca 3fTC*TT?Fo MT^lTa-sjflTa srcairem 
#T5^TTS <^55f ^Ca THaTa^S y-aH, (l-PPPT B^5 ^ CW31 *P*1S 
fato®i <aa sicm aca*f ^ax© arca i a ai |3 a^faaia os'fRn <r 
^o^rra bri v9^m fato«i tRc*fpia *i\*(iTaa>afi>a fa>|£i 
a?n?Ta ?rh botr 5 a 1 isfesa iswffc 5Ran?PF (155) tor 



fra 15*5 

^»*( *l«»W ( a 31 0 ) faw^CRl Bfaj 313 ^ 

«ntnra-si7iT?i a«irawa i 


scare 1 iotcs srcanawa *jt$ fato C aircsirafi^: <£ia atoaarea 
^Tsr aca 1 vaa c«(FF srsfa^ Src^st f#s *pa 

^nrere tf^ A 3 =K^iT?n:^?r siwj ^rto arc^ 1 sjjtctt® tccrt are 
’nwros yjpr sa ^as am ?toc$ ssfcOTS aTa*n *{a &5 
S^aTa brj sircH-TOmre (Avalanche of Ions) 4 a *{a ^T 5 T^Tf 5 
^ sa 1 ^ca^ffe aniwrosa are *nw* 1 ^ 
are ai BfRiBn W «iraft *{a ahsofi ^icaa $m aiai siroto 
«nw 1 a ai j 3 ato^ 4^ si^a c^r aca W ®?Ffrena srcaj to 
jwjrawa sR^ji aca*r a^ca 1 

fln^nB-spna ^ranaas 4a*fr faW ^jrosr toa F s 
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« afs* *f?555 


fa®E5 taT*ffa 55 i fa®5 V ?rf(f 4$ 5^pn- 

?5®C55 (Threshold Potential) &*ft5 5R*rs *F5l 5T5, 



fss 15‘6 


^fa^l 9i«Ri?[ 5T5 (Counting’ Rate) A r sraw F® 3T545* *TC5 
S 3 ^ 5E5 5T5 l C5 fa®5 ^<91& #1^1 *1*RT5 5T3 55, ®T17£ 56T1 53 

*rr«ng?5 spot (Plateau) i tosw®: ^“5113^5 ? 3®3 TOgfsr 
WTOS STT^fTSTT?^ C5C3 5T$? ^31 53 i ft &5 5 C®T *K*UraPRT 

TO (Spark) ^ 53, 3T3 WT5 5T3 ^313 *[5 Wv 
*fT5 i (15'6) to ?3«t33 mbire-sjpiH *twjt 3^ 3T3i 3frwn 
«[*ri 5T3 *rf33to3 c*i3to3 c^^jr zzm I 4^3i*f 

CswfoflCT 3*11 55 ‘^*1533* foMf (Counter Characteristic) I 

15.4: *TWtW «rr^-w 

3JT331 C'rfftff C5 9fT^TT3-5I*IT3 TOT3C353 f3®3 3f? sUSTgfsr 
(Plateau) 5TPP ®T5t®T *K3JTTO3 TO 33$ *ITO® 

®T3 (Avalanche) *$$ 55 I 5?^ 

?3®C33 siH ^31 ?3®3 (Threshold Potential) 43* TO^fsRT 
aT5fs^ ?3«C53 TO SfK^ ^T5^ 3*3JT33* m53 TO 3IRR 
3*2^13 55 I fof 41WU1 3JT33 3 K 2f*fT® 

f3?^3t e l3 5151 ST«fa* $rT33?[?sT3 *[3 3TO 3?S33f 5TW 1 

9lT^9TT5-S[ffTr5 3*3JT3CT3 Sf® 33$ .'TOR® ®T3fi> to ?3$® 55 31 I 



CTOSfa WT^eft 
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tosr to 5te5 to?r *r*5n Wtow to 

SfT5fa^ TO55 TOT5 TO*[*nfo* 55 I 3p$T* »£& TO1 ?5«5 TO5 

fsfrorer sff©^(C3T i a-sfcms w® i£i^ toi w 

te 55, fWTOS CTO ^T5 “T® ^ 51 TOS'G 55 55 | *R5l 
TOTCTTE5 $5TO \sfe* 5*TOTO f5ST5 (Amplitude) f5fa5CT5 Sf fos 
§*{C5 f^5"fta 55 I ^TO* i*ft®TC5 fCF5T*l>r *K5ITSCT5 5T5TC5I a, 
(3 Sf^?\5 ?5?$5F15 *[T«faj fatff *55 55 I vfl$'5TC5 fo5T*fta Wl ^ 5 
‘TO^T^TO*^^’ (Proportional Counter) 5sn 55 1 

X-5f*fl5 TiTC*t*W f55TC5 5T5^s TO355 5^ *ITO ^5*1^ tel5 
TO 5GTC5 ( 6*12 «I*p5*F 5^51 ) I a, |3 51 Y-5H ST®1 TORI 
2m<l fata*!, ?5m^S fafllTO TO i£$ 5*5^ 5I55T5 TO 

55 I TO355 TOTO 5WI BCSTSRSFs fatwT 2J5T3 *mR 5J55T5 TO 
55 I Y-SW TO CW ^TSY 9HT5, 551 f^55 (CCl 2 F a ) 

5I55T5 TO 55 I TITO'S <3 5JIC5TS53 TO TO5 *F$ cte> 

?5«5 BC«? SON TO 55 I 

*n$9IT5-3piT5 *T*5jrSCTO *KC*T TO555 TOTO 2 TCH *fT«foj 5^ C5 
TO555 TORI TO «?v^CTO SRCTRF *1*51155* TOW TO55 3*5 55 I 
TO*T TOS^S <^5 sitfjj 7K5TCTO TO 5^5 ^T55 ^ 55 

R 1 Safa'S fafas*! 3*^3* 31^53* TO55*[fcf| te^5T5 

^5 5T31 *T*9[^ 55 1 C5TO TO555 TO*¥3 5IT5TC5I ?3?wT Sf3*T5 
fafTOPRI *IT*faj C3T3U 5T5 I 3W5 TO C5 TO555-Sf3T5 55 ^1 

tC^Sfate 51 TOpfrn SF&S *ir5TCSJ faltf?*re TO 5T5 I *Rf*r^ 
*tf35*ft3*3 (D. C. Amplifier) 5TT5TCSJ *S$ S3T5 *tf55f*fo TO3 
fiTOfa TO! 5T5 I TO555 TO 51 ^T^5T?^5 *1*511513*5 5T5T3J MsR 
W*I TO *T§3 I 4 (1715) Sf*[PTO TOC*!T551 TO 5C5 I 

15.5: 

TO551 *%A OTPlfa C5 5T«rT5PFfi& 33* te *T5C51’fNl c l ZnS STffo 
SlfoSfS *fC?T«f TO ats^r *PtT5 ^C5 a-^f«151 5C5 ^«l 5 5I5t 

*flfar5 55^ ^fT5 I 51*215 5T5TC5F ^^TCS *?tt5f5 

55^ (Scintillation) To 5C5 tel 5T5T?55 9pP5*fi “*#^1 



154 <3 c 5 ^ 

I *RftTO «rf®??p*Fi (Objective) 

wra afosre bptc b*w csro w^n 

c^o, <7I*|fa H«R1 ^1 ^5 I 59 (^vsS ^?S*[ 9[®f»Tl *18*T W 



fra 157 

CT? I 


*ptr §to a-^faTO «in^T p sip $$ i p b^iet ssimft©^ 
a-^fnro cto *$ csro cro sffigsr CT^faw *pra *pw 
*i*ri *ai *ra* ss m i 

^SIR ^TC^f C^Brfef fafo<R fcsw fifaST CT^falCT 
|C«T^tfa^ tftff<T *TTO *I*R1 ^3T<T ^*51 

tocs (14*8 g^i) i *m*m to p 

F\s STC3 3fT*rf^ a, P aff^ ^faTO 31 Y-(7 pH>R 3 TOJ1 >^5r^ 
fiT«f?r SRH m\ $$ swnra?* (Scintillation 

Counter) 3TW ^31 ^?i I i£i^ *t3i?'c£'5 C^H SlftoSJ^ 

31 jrsrt (Phosphor) ^TC^-^Tfv^s *ff33*fo 

(Photo Multiplier) c^TC33 <7FTC$1 3nTC3TCv53 *TO TOST 3C3 
«nw (157 foa Eflfrj) i sfoa« *m$f ^ *njum- 

^sT?^5 *f?33*fo C35TC33 i£)3f$ $JTC« i IT¥“'5f3C3 , *IJ 

m\ to ?rr^n 331 afoa® *ro*i 



crofa Wwi facto 
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c&sfaR f fatoi c*r espf SNas si wires wrcft 

^Jicaiws §are ^srrafa^ ^re trewsfa fass^s to i 

(15*8) to 4$f& suww-^Tto afato wires *ra®T *w*n 
a 1 ? to TOC5 i T 4s1§ =$T5 SI (Quartz) fato *{S fasr 
ST^Bia *I*a?T 'SfTW STS 4^ £1113 toWS ms SflWW- 

3W<ft cro *to atvrg stw i 4§; a*istf$ wrcfr skstcss to 


Light 



fsir 15 - 8 

'snrerc-'STto afas*fa c^tcss f$?n?3?*t i to wisfure ta 
*m csi^ra cs'frft enc^, *n ?&£s cf^ris ssfs i m *pre 
'ST^CTl'5 fal^ *|fo*W RH tfto WG 

^rsn a'erfos to arnwi i 

to i (15'8) to *j5wma wsfi C sitcstcss scares to to* 

TOwft ^ra^cs^t ^ ^fe^ns (D x , D 2 ,.^cnfa) stw i 

4«[falW S*n SS vstIpths (Dynodes) i 4§ ^CTT®^to sias 
31OT 4S*ft ^JTWT® (A) ^tHss STW I SIESTA C 4SS 4S 
fas$\sS D x aSS ®fe^TO5?l SWI 80 C«W 100 C^TCSjS Slv5 fa^5S 
aww areis *si ss i asas ^Tfa^ srej 4ss ytfm 

*&\iu\v5 <3 snirercss toi« ^rsafasis fTO aw? areis ssi ss i 

'surenws ?«Hirs re 5 ^ sircars C caw csss ^wssfa 
fcto ss, c^^t«T a^s 8 fs^s awt?s a«rca to D, ass 
^CSTESS &SCS SfTato $*r I 4C?S 3WJSfi> SflSTS D x 

©T^rercss ^nOTW-sgwft ^«r caw 4stfw feewsfa fas^ to i 
4^ *ksji iV ssi sw i D x caw §wssfa?[fai fa«s awres 
a^rcs *nfq> to D 2 tok ^cstws §acs *nato ^s i 4c?s 
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apaJ3*f§ 3[T3T3 D 2 C«[^ AT 3?3J3* ^i3*§3 to^ 3*C3; ^^3rc D a 
C^ C3T$ A 2 5[?ai3* feawi^T fas^ 3£B 1 4^33 fe«RsfiiT «IT3T3 

^vsk ©ltC3T® (D s ) 3 *v? 3* 53 I 43 §aC3 $lTato 5C3 

4C*f3 OT^5I^f& ^IT3T3 iV 3^313* §P33s£iT 3*£3, 3T3 TOI D 3 

C3T$ iV 3 5K3T3* ^3*&T 53 l 4^5TC3 *13*13 ^T?*!^ 

C3E3* ZF3-3*to 5K3J3* tOTfa 5Pa S1TC3* I 

3?*f C3T$ ©felT© 3?*IJ1 53 n, ^T5C«I *lf3C“TC3 3JJTC3TP53 §*1C3 iV n 
5OT3* ^CffRFfisT SfT*lto 53 I >IT^T3 e 1^S ©T$C3T® 3?aJl **\ «W 
C3T«T *tfs 53 I ^53^31*1 3^ v5T^31v5 *K3J1 n = 10 53 43? 
A 7 =4 53 , \sT5W $mOT© srrato c3T$ fesreto 3^ni 53 

jV n = 4 lo =10 B 

5J«fr? C3*TCfr ^HCTT® C C3E3* firsts 43*?£ SITS fe5RstW3 2P5TE3 
5[JIt3TC® 10 6 5f?*[J3* ^3*§3 3JT*lto 53 I >[53T? 4^ 3J3*5T3 
5fT5TC3J ^T^T3 -n 5TT\5^ a3T5 *f*t *f?33?*fo 53 I 3^313 3*TP?T 

C3T3 C3H a?333'3* C3TC33 3T5TC3J 10 9 ^ *tflS 

*tf33*fa (Multiplication) 353 53 I 

A 3MM[Wj3 3?C*1 43*fS &5 C3T3 (A?===10° >S5 V 3 ) 3?f?F 
3TC3* I 3nTOTIC® 3^5^ ^ C3TC33 331 to a3Tto 

5C3 C3 ^ c I^T3t vs?^Sf3T5 / 5[fa> 3C3, ^T3 3C«T ^siHPTOS /A 
*lf33Te| *F«TOfl f3'»3 *(?33 ns 3 3$ I 4^ Safe? 31*13* (Pulse) 
^E*I3*£fa3* aftf'sre *lf33?3^ (Amplify) 3 ^ srfsfato (Record) 
3*3T3 313*51 3*31 53 1 4$wTC3 C3*TC$1 3TOOT §S*W aPcFfft 
*rtf®3 533* (Scintillation) 35^ ?3 Pt*T 3*31 3T3 43? 4PT3 
5f?*IJl W1 3*31 3T3 I 4^ *f3fevs 3T^3T3-5[flT3 3?*(TT3C3*3 ^*I3T3 
^33* C3*ft 5TC3 ^lT*lto (T$5?to f3f3*3C e [3 3?*fJl fa<3 3*31 
5153 I *1?333'3* C3*T3 «PF C3 3f«T3* *1T«31 3T3 ^1 51X313*1^8 
10' 8 PKW 3*m 3T3 ^T3t 53 I 

af^a^ a^rTsf 31 ^3^33 3WI C^®?^3 T3?3*3«l 335 3*t^TW 
«ftf«3 533* (Scintillation) 3C3 ^51 ^aK3 C3T30 

3T3 1 a, p 31 ^$R)T3I &5*lfty 3*a^ ^T?5^ ^33*1 V3WC3T3 331 
^3 53335TC»l 43 3JT3to ^331 3*C3 ^3*3 
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TO I §ES?®f\s 10“ 8 CTOE'SS TO fcf?Tv5* “feTO 

TOftra S'QTO ^fc^i ^tor *i ^rfro^Rt sheriff fas^s ^ i 

5fTO TO y-^H 5UE=TT<F-^fes, faflwf *1 *pi5T-^*fT I R 

SfelR ^T*l &>5*I?SF feffwfcr fas^o TO I «5^ 

frro *fas *wifoc® *iTot* to srto* sr^fro Srafers to, 

TO TOT C*!*(fe| CTO ^TC^T¥ fas^5 ^ I C5®?? 5 ???! fa?TO«l* *!?*? 
TOsRSS TO^ fsf?^m=T (10°) $C5WSfcT C«R> 5* I *W*TO 
5p7f^ sj*pr §E3TO *ife (Excitation Energy) to 
TO^ §E5FFSto CB 15$ I a, |3 tsjTfr 

sjRTOS STC^J TO*F »W ijTOH *1 ^TOFft OTT^T 
( 10“ 7 31 10“ 8 OTETO3 ) TO ^ TO I ifl$*IE3 *& 
■^rat stot* c*ft£i to«to* 5* I 

a-^faTO cto toffies ZnS 31 iqjpraifrR top* 3J35R 
to ^ i (j-^faro cto 'SfiRsrrf 3 T*T, Werf^r BfT«hi te* ctopt 

TOTO TO1 5* I y-^H?r CTO 5F*ITO<T STT*^ 3^ 3>QTO 2IE3T5R, 
W.B y-GFtitfS* 3RTO3 RE^J $ETOfa fefosST TOT3 3JETO TO I 
TOT<wrs Nal(Tl), ^ITfcTTO-^ita (Thallium Activated) 
c^TfeTO sroml® ctopt y-^H top* ^rte^ 313^5 

^ t voT^Tv^l ^TOT TOMa SfjfrfrF, fer3 TO=T ( 331 fT^TO3 
TO 531^5 £T3?3RTt«T ) TOP* ?^3TE3 3J3^s 5 $ I 3T§3T3- 
spIT* *K3JT3ETO ^«RT3 53TOK3JT3ETO ?3?TO C 1 T=TOt*I 
(Efficiency) TO3* &^d 3, ^E»fTO Y-<tf*P CTO i 3T^1T3- 
ajsiRT £ffo ?TO i£I^ 31 TO<3 TO Y-sfrff fRE?r*T 

tocs -to i wfa to*eto y faEfa-'ro^i to 01% 31 
*TO<3 to ^ | ^*1 sn$TO-5[TO TOTCE** 3iica to TO 5 ? 
caHftiSR a?353*i aE«f y-*H 3^ teswS^ &fwj>sr ^to sreroi 
^ TOFTJ I TO ?FWE^?T TO 

Y-ffFTfa TO¥ c^*fl si*nta ^?rew®i ^e^ i ca®f^ 

vilETO Y-^H ^E«wi?T TO* aST^I^sT'G C^*ft I 

*fN©S aOT?IE¥* Y WTOTO1 20% ^1 ^R'Q C*»ft ^ I 

&& a^TOE^* faESW (Resolving Power) ?lE9f^^^* l 
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^rr^rc^n ?ac<t*r too asa<ia i 4?ra 
toT®$ frr&gfcra snare® csn^'T ?pjflrarcr toto q*ra?TO 
Prefer® to *ftfga ra* to i 

5^ TOJT3* aNTO TO C®®?faFa fafoacw, faPTC®: Y-^ 

*fc? to to i »£$ §ctot §gT?a® aTfaa* aja*3i ot* 
^^rsfNl’RF (Scintillation Spectrometer) (14*8) 

snEfffTtHI <F?T1 ^Cat5 I 

% 

15.6: *tSif%F5 C^ff^S ftfTO*i f^tf«t 

*{% &5&*f?SF ?a?TO1 CTO-TO* TO»Rf TO ®TTO wHTO 
srfs w srpft stfsatfs® to i to w r-TOa aT^Tcai iHBRT 

3T3JSJ HSf«WT faafa*! TO >f3a 53 s?l I SFWTOF CTO <FTrH ai 

®a«i ^arc^a *ffaa*®a a^rcaa ^ 4taa acai 
Tafoataa *Mhn (Range) TOa to $s i ^®ar< lifera CTO 
fafoaa 3?? PFTCfrsiTftF* csrcSa snETOwspatf ^aataa (Emulsion) 
TO am TO, ®T5ff3 ®TCff3 TOST 5WW sraacaa TO 
SfTTO *ri£3 I C3t5^ C3TCI>T5rTfc^ C?H$a 3T3Ta?3^ *1^3 3\C3 

*ra fafaacaa Yafcai tot 3 ^5 Tv©i 5 jtc^, s^a ia| *farf®c® *[a 
fafoacro ^rsrsf asrencaa snPJTafoff *fresi 3$a i 

®PrWJ ^sSfTW f3C“T3 «RIOT ®S6 ^C3?sf®l 
(Sensitive) flFTC&rsnfaar siaaa &§Tfc® TOC5 I TORW 
PFrcftgifcFF c?n$ ^mpfa ( aai AgCl, AgBr 

2Tf?®a) sr^rr® TOaaf ® to «ro i ®T5T^i «sfe& a C3$a s^acaa 
caa ^ to 5s i ?ac*ra *tai?®t® fafa® maala sraaa csrcSa 
(Nuclear Emulsion Plate) tothott TO siOT^afi *FtT $3 
s^t® «[a ^5 (80 % ) too sa 1 4wa caas ml 53 1 

*rTaT3«I®s 50 sn^H (Micron) CTO 1000 3T§2R (1 Msf) a# 
caa *r**fia staaa aia^ra to 5a 1 srT®ta wrc&raiT^ raft* 
§*®i to itM 5raa to faatf*re 1 

iii^ ^Pshl'sc^ can - *? awa ai ^c»i < F^f ; 7^ a^fla sicaisR ^a *n 1, 
cmz$ <s$ aia^a ^T^Tcai taf^acaa saaaa to<f 
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to ^rra i csrcfa src:*n w cro Wtoi ^sotst §afa- 
sts ?tcttooti awn to, <?rt& i*ra *[wft ^fa^T^Tro* 
snsfavs to i ^rcgfare Wtoto aw* ^ fans 

<TO* i ctfSto (Develop) tooti a?\©fi> sits?^ Wf 

JjWrt n*f®ran ^Tf?T5 (Blackened) ^ i tot Wtofri asm*w 
(Track) froro carafe 1 frora «rawsr *psrai 
*r**i?r 3r*ptaro *u?m fa<fM to to 1 

<sot<i Mi af?RTa to Tnfosro *wfan (Range) ^tto to 1 
bswtorj M* afanGsr cto fnfTOflS fncwe (Scatter¬ 
ing) to to 1 ctc^ sw* fTOarfi> ^ *rcro 

5 ( TO ^ SIT^R TO ) TOte nflnro *TO3W few 

^ ^psiN©i ^"asr ^nHcw tototj faW facfar sjwi 
^ faro to aTO to, fafasiTO ^stoto afaTO to to 1 

cronfa tos^ catfo toi aTf^¥ cssfarer a^Ff 
a-^faTO «w>fNiT3r Mi 5fWT?r*ro8 20 cto* 50 stt^h a*rs 1 
a-3|sfaTO SSfnn®! faMft* GWnfffT TOT^ spT S3 I (J-^fTO 
aww f=rof*f^ OTaT^fa ^ *#i 5?r 1 ^nw { i«s TOsrrcf®* stars 
(Cosmic Rays) tot T^Tw aro stoi, sai p si ?r 

{SPTC, ^?\5 »lt®5pww (E > 10 9 £-c®i) cai^r si SITOfi 
aTO CTOf <W TOTtss CTtf«W (Fundamental Parti¬ 
cles) faftTOS! aOTF aSifo fatas I ^T5T?1 SIT^TS* 

stfaSH ^WTSTSt ^50^ ( SSI stfrSs, farf*, Caifa-fs^S ) 
CTO* aT3 ^t®RFl fastTOS 'SfST'G TO^* ^SS SJS’Sl 

srsTO^r to 5 s 1 (2016) foes TOS*ft crosfa ^ishs sttotits*- 
?5TO fa*T*fa OTTO too* 1 

15.7: jjyw* 

^40 TO snsrfsro fs$5Tst earn?! (D. A. Glaser) ^s?- 
w (Bubble Chamber) s 5 # §gr?w TO** 1 n’zrfS'Q ^ 
&5 * 1 ^ fafo?r«i fs^Vn to?t ac^ Ytor &romt 1 

i£l^§ '©IN'^i 'SfinTC^?! SlCm 5ICa fTOl^f ^OT?( ^«T aiT^ 
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*RWT«l 'Q ^ 

caw ^1 (Superheated) 551 55 I ^155^8 vc5*l- 

sector, cbtpr ^5?i 5J55T5 551 55 i 4$ v55OT5 to 
5?*f C5H ^-551 51 TO5»*( sro:5J5 (Impurity) to R 5TC5, 
^T5E*T Sftog 5<351 5^<B TSQim TO 5TSTO TO ay$ 55 51 I 
5ftf CTO '5j‘T5»T §S*tFW afawn ^5C<55 TO BOT TO, vsT5C*T TO 
*ra*i 5m^5 ^ ^5C=T5 siwfa* TO5 5^5 5T**fTO ^5 

*fC*¥ *T5T5^ 55 I 4§ 555 5?? ^5C*I5 §*15TO &T*f 5551 gT5 TO 
55, TO&5 TO5?[to §*fC5 5T S9 tTO > $1<TC ^ 55 l 

Stefa'S TO5 ^BTW ^?5TO 5SWBW5 5^5 4^515 ^T 3fd 
5*3515 TOT 55*f55fi) (Track) if*TJ5T5 55 1 §5^ 515^1 «RSRPT 
to 55«i*twa ^TCTOfas 5155*3 595 55 1 553 ctfw 

CTO15 TO ^Tto TO "if^nrft ^1?5^ <FfaTO 52F 5St*IBW5 
STOTOfcS $15*1 TO 5T5 1 55«WW5 55=01 ^torffa B^5 t 

^®5C55 ZS^v 5TO 9ppi»f( TO ®rHl 515 I 

C5C5^ ^ o5TTO TO 55*1 TO, 4W5 55«|- 

*IW5 C55-5C¥5 TOTO 55®1BW5 vjSRT5 TO 55 I 

TO! *T^ <{5 ^e oTTO 55$r 5WW 4§ 5C*55 

5T5TC5J *1T*351 5T5 l 

(15*9) to ^ 5T5TC55 TO5?$ 5^*1555 55*15C55 

fa*r*fa &m\ 5^5 I 

15.8 : i<W ^*tf55tft-fto*fa 

5&F 5$ 5Fs5 o?©^TC55 TO C5H sre** cto?5o (Crysta¬ 
lline) *m<, 551 5^1, ^Tto 5TC5* 45\ ^f^5T5 ^5 TO ^ 

fa«5 ercstf eoro to 55 , ^T 5 ff*f 4§ ^5TC5TO $iTto 

astq^l to»I^ fs5TC5 5J55T5 TO1 5T5 I ^ 5T5TC5*l1$ TO5$1 5fe 
frfto ^T555 TOF5 sfs TO TO i (Insulator) 

*lto5 5WI 5^5TS?1 ^5^1 (Valence Bands ) TO 

*$ 5TC^ (107 5^51 ) 1 45 *WJ to f5555^TC®T 

^B5*rf^ ^rrto ^to^»r 55 WFF (Ion Pairs) 

TO 1 4W5 TO! ^C»wfe9[ft?l 5C5^ *1^? ^C5 




I klsfel^sfe: aiE ik3i£lk 

6 SI 





C4*E4t5 T<1145*1 THCt*T4 *l*Ql < l sr ft 
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^s5 *ff54T5‘t *f$tfs (Conduction Bands) *Kfff5v5 55 1 4^ 
4(4*515 <£151 *f5£®f*t ¥4*15^0 ^5fi^5T5 4^4 '5Tip'£ 5C5 ^5?v^SI5T5 
45£5 W 1 ^5T5T^1 C4*(T£55 TO C5 54 45F54 WSS5 

(Holes) 3J$ ^5 CSf^ST'Q m c ir5T4 ^fv^41£55 fcr£4 5£5 

^S85P5 4£5 1 ^ $^5 a4T5 sloths* a®i£4 

^5ft^5T54£55 5WJ4T5 ?4^54 £Ri'5C f f5 ’4 c l’5T5t ^ff55^o I T 5£1> l <£l^ i ®TC5 
4n?(4 (Pulse) 55£®£ ^£<?T4§f54 * 14 ifore 
*(T£5 44< 4£45 *K4IT'G fa^5 451 *(34 54 » 

4^ sister C4^PT-^ Jt n:55 ((Crystal Detector) isreH- 
'Psrsi (Efficiency) ^nraRFF©* «{4 45 55 1 ^s£4 4£ff5 5T5TC5J *[4 

S*a5T£5 4TT*ff^o 4^41555 farctf“T 451 515 1 

«(^n spfafa^-fcrofa4 (Semi Conductor 

Detector) C4^Pl-?5£<t*T4 W1 ^£54 C4*ft faufa-^R^l 5**f?T 
55 I ^T5Tv^l 4£*f5 TO 4^14 10~ 8 CTO'O 3f£*T41 

45 >45 ^T5t 55, 515 4£*( 4^5i*f fa£ l r*(£45 5T5TC5J Sffo 5T£5 
^d^l’f^s 4^41 ^£^*(5 451 534 55 I 44$ ^-£21% 44* 44$ 71- 
CSWk 4(*H?54T5t 9 f f rT£<5 5s£5T5 ^£=T5 551 ?ff£5 5?? 44$ 

4(T?55 4^41 55*1 4£5, ^T5£®T C5 54 ^T54-^^l §*5:4 55, ^T£*T5 
TO §£®i4&?*(faT 55£ i 5j^ ^i- , 5f555 fafa* *fa? 4f*B*i (Forbidden 
Zone) *1T5 ^£5 ^55 *f?54i^t *i$£\s (Conduction Band) 
&#s m5 5£^ ( 10*7 5$4I ) I 4tf*if54T5t ^$5 

5£4I 4TS4 ^fi?*57£55 5T5TC5J 5^ ?4«4 3£^f &*$& 5T£4, ^T5C^T 
4^ '5(4*515 C5 ^5?^2(4R: 3?$ 55, 515 £F©T£4 44$ 5?<£S 4=T4 
(Pulse) *11*51 5T5 I 4§ 4f®I£45 f4®T5 (Pulse 

Amplitude) 4fT*tf^ 4 l r c I41 4^4 *(*£5T5 4 lfe *tf^5 

§*(£5 fa^5 4£5 I 4£4£5 2J?5$ 4(T55-^l«4 45T5 $1£\£ 

5TS 3 §-£^1 *f?55T«l “fc? 2TC5TW5 55 » C55-4£45 m55 5£4I 

afc$ 5TT55-3[5«T 45£^ a£5T®f5l5 *lfc?5 ( 30 ^-C®1 ) ^pRT5 

4^ *tfe ^(£54 45 55 I 4^ 54 4T5£«l <®T5l 4(155-^*544 4f*I41, 
551 a-4fa4l, ?4«T®?5-4* (Fission Fragments) 5 '©iiT*t 5 *lt^ 
^(f55T£55 Sf5I ^nt54T5Vf4£ t t ,t (4 ^4^ §*t£5T5l 55 I 4£»t5 
f4£»5 e l ^5^1 (Resolving Power) «(4 ^ ^5 1 
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15.9 : 

jfT^a?^ *tc*t( ^63 ) ssjfaR$t-TO (Spark Chamber) 

to* srrto ^?«t*i tows sfjti &grto scro i 

^ 4*1$ SfOT WR TO WRI TO*1$ t^STO *JT5* C3$ 
*iWf$ «ITC* I TOl$ CTO ^Wpfi 51JPT 1T31 9TTC* I *i4THBrCT 
4*1$ TO c?f$ ^ts^TOf (Grounded) 43“ 4*1$ to ca$ 
^ to3 ( 10 4 C«F$ ) §TO?[ >K^F m& I TOT §to*t* 
*fa*Tl$ *r*rc smi fjfc?r 5 * 1*1 to *Rra sreto ca $^to 
TOTO S5TC<t 3 5W5I TO33 ’TO^ ^ »[ffeK5T ^ ^ I 
313*51 SFT5RFT TO 4^ ! 5TC3 fTOH *?*I*t 1$S SSTC^TCSRr 
snro*f ra ss«i to >r§3 ^ i 

(1510) to ^to^r-TOs to ^*t?r 4*1$ *nto 

*1*rTO 5WW31 fatf*R otW's 5COT l 

15.10: 

3*rc cto sitot* swi to 4*1$ *rcto *f«l*1 stt*IJCT 
snC^KC** C3*n. *TC*f*l CTO *11353*1 TO, S5*TC *t«l*Tl$ 

ifTOH 31 *tto*Fft ^TC®T[* fas^xs To I 4^»TC3 f^fS^s TOTT*C* 
3»n S3 C5C3TO^ 131*3*1 (Cerenkov Radiation) i sfa sa<nsrt& 
U%^ l3l*3C*13 *1C* 3JB5 S3, ^TSC*T ^ ?3l*3*1 TO3 CTO fa#® 
SC 1 ® *1TC3 l 4Jt 1*T5fv5 131*3*1 srfff 43*1$ ^rCwfl* ^Ttv^\5 
C*TC33 (Photo Multiplier) cTOjI-TOsttc®* 3tf*ito 3 TO 
to, ^sito c*m m cros 4*1$ ^s% *?!* (Pulse) $^*isr ss i 
^*i*^? *f*to totc3i 4^ *®r* fsrot^r 3*313 43 ® 4C33 

3 K*m TO! *3T3 313*51 TO TO I 4^**1 5t?TO*E* TO S3 
C$C33*^ *R3JT3* (Cerenkov Counter) \ 4§ 3Tt3lT3t*3 toct i 
toT^s 131 * 31*13 *i% Ufa to to i 
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^tftcsgpy 16 

16.1: •faJTf'tfoF m wft «fc3twtt?r5| 

csm TO3 mi $*m «rito* afar (Positive Rays) 
*Rtol TOSa faw fcpR (J. J. Thomson) sjhR ester 
^ i <sTa 'SfifaRnro* ; ®rni'0 ^fi? 

af^s'fe to^t ffifa fassRt ^u^r (F. Aston) i 
(2'9) sqoapf Sow to tok ot ste* ^ ^fT*ter ^r 
(Mass Spectrograph) §$rf*Fa to ot *nsrc*fj ^ta<r 
sntecto<T to 5rf^¥ to?t *i?roT*f to ct «3Pra to 
20 to< 22; $i<rc ^ ^ 3^*te*f?r *rasn*fa* to c*r 
srf^ tera alters TOsitep ot 20'2 c«p 
*rm#©*iw zm tor i ster to Crater 

w to ®u?j'Q *rtS?TOR '5ji$c>iiei>TTO' *Rfln*ifto 
TO Wsr $c<r i ^T5T®i cs^qfa (Dempster), c^fe$r 
(Bainbridge), srreifcq, (Mattauch) srffo fa«R , fa e i 

<<icto jpg to #iKM mm n&m 

; 5psJ5 srfSfa^TM TO«n*lfaF TO fa^?[ TO1 m I TO TOtfvaCvs 
TOPPF TO*T TO^l TO ^ TO^TO *RRT«fo* TO 

TO *fTO I 

v3vs JfftTOOT fRRTtfTO TO M* TO3 SOTSRksal CTO (M 
c^'scro x*m ^^Hvs *r?fNi tor tor i cserfapa 
l^rter to a, p sfasTrogs ct fa*p “ft? to^iw 
frofv© J[5f f C 5 !^ “ft? ^aT31 *fT?T CTOSCTO TO C$fW I 'Sn^TOjT^tTO 

TO-“ft? totsi to# (TOtei 8'260 ^qsiral w to tot “itoa 
to ott wc* *ftpn*i *ft? 6wi to i (12*6) ^5Pr 

SfTTOl cteif <R, M(/4,Z) *RR1*lfa* TO TORT CTO *RRT®[ 

*ftf M a TOTOfTO TO TORT a-$fTOl fassfo TO A/ (/d -4, 
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<3 <35*5? a&T 

Z-2) *iwfa* ^ wsr *Rpn*p$ 
a-fa*nfa “fa? (Disintegration Energy) 

G„ = {M(A, Z) - M a - M (A - 4, Z - 2)}c 2 

p-fasnfcra era srrfr w «rW *RmT*[?T 
£80 P-?*mfrr (Q^) *<n *rc?r (13'7 H'foi) i 

r srrsr ra* fafa?rc (10 s ) lesra&r e»m> sre i 
^ *rfe fata «ntf iw srafaS ^rasn^OTr *raa 

$®prra ra* *sr ^ i ^eri tm *?n < 

cro 5 * O la ^ntarctara ^smmfa ^ ?ews 16, 16 am 

O 16 sntarctara src*n wn sera iV mnesraran ^ira 
5mm i »M> O 16 ^ 16/iV am ^ i c*ie^ 

^OTlfa s»c?ra o»te lira* (Atomic Mass Unit) O 10 

<p pmT^ ra?f <mmt s»rc?ra in* s»Tcaa >mm, *r®iira srm<n *n$ 

lam» = — x 1 - 6 - 1 _i_ 

16 iV _ AT ~ 6 025 x10 s * 

= 1'66 x 10" S * am (161) 

q&i’ft&Hd mfsira't ®raa ^wpi «ife sps 
1 «u = 1'66 x 10~ a * X c* 

= 166 x 10- 2 ‘ x 8'988 x 10 s0 
= l - 492xl0"“ mrsf 

=lw=®^ < 162 > 

in* 4** ’iwifa «?r 931‘2 fsifam ta*fo-c®Ffc 

*lfaT«t *lfal (Equivalent) 3 $ I 

srtarcraa H 1 ^i^cttoJtc^ (m«frs ia*f& caifrr .liras i$*$ 
ta*ta?f ) ^nmmfa ^ ^ M H = 1*008145 amu ; 

lira 


M h c 9 = 938*78 fsi-^-esi 


(16*3) 
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<5r^C*f Wfcw ^rasrrafa* ^ 3JM M n = 1'008986 amu ; 

M n c 2 = 939'57 fa-^si (16 4) 

C?rc ^5 (Rest Mass) ^D5§w o = 9'108 

x 10" 2 8 srrsr, ^rasrrcf^ ^ 

«*„ = TC^XIO^ 8 = 0000548 (i6'5) 

4<I ^ 

m 0 c a = 0'548 X10' S X 931'2 = 0'511 fa-|-c«i (16'6) 

2PR5 <nt»RT5n (Data) c«iw srskTO ^ c*r resfasra 
fafoiTFre “fe ( *11 Szmfa OvK^ 51^0 ^ ) C^SrfaFa 

^ SI^TOt 'SIM 3*TO*f SITS SS I <£& 

c*r ^T?ff *rcrai*(*[f5Rr ©era *fr«frj c«rc^ 

^T<3?n to <oi aro wift fafesr ®?r 

?lft5<P <5TW TO SfRUSR I vsl^T^l ^TflW ^’TTCSf CTOi^ 

3RTOC33 - (Artificial Transformation of Nuclei) ?rccff 
cto fac*re toss acuresfla *ftsra sir <®t^ 

to<5 sots fofeTO wr ss'trot ^rasu^ts^ ^ ^ *rtfo- 
toi sotsr i 

§?r53rew ? f Ra 820 ^^ Rn 822 src*f w^j- 

*fS^3 <53 ^ TOTO 8 

M(Ra 826 ) = 226-09600 amt* 

M(Rn 822 ) = 222*08690 amu 
M a = 4 00387 amu 

sjtor a-farfo ^ 

Q a = {M(Ra 8 2 6 ) - M(Rn 888 ) - M a }c 2 

= (226 09600 - 222*08690 - 400387) X 931-2 
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*rf?re?r 


0 fl =0 00523 x 931*2 
= 4*87 fa-§-Cvsl l 

9i e RFrs^ wcv c^f^n m 'mfa $rc*r 

«nff? *i m *ftei 40,000 ^rr^r 

^i cti ^ $$ i 5*f^s lawra ^sjT^fanr ^ isw 

i£l<p '©iM *}1 3.(.<n T<*H>JT “It'S* 3T**i¥^5 

'GU&t «UdT^fl ^1 ?m ^ I 

16.2 : Wtfera m ^«fj#£SRr m ; <2t«ft#t 

*x?g% ^ (161a) tore rtstctj *nrcn ^?n ?n?r» 

csrm stcfrt *iwi ca^nfes 

(Slits) TOTC3J >tj*fel'©TW *f5TT5favs (Collimated) ^?n 




^c*Q^ ^Pl%TT®lT I 
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aOTlW Ufa ; (?F*5OT afo 

I aT®ai f*FTO (Ribbon) TOTC* jpiraW v£j§ TOR- 

*T5* cac$* toj a^? X is^cro am ^*h 
i ^fipwrar* a® tc* siraasps 0 cto®i T*pi® sa i to?t- 
9[CT5 aft v care z/+cfo jflro awj srcfs® m a*as 
tor *^sto aire ^Wcto* a^TK 0 care 0-d0 
reftre atro toj f*p^ sa i care Wi® TOa^ftia 

fasjfoa §acare? retW afti D caafcsa a^rcai f#p® 
a*ai sa i 

(2'4) X isWcto* a®rre v m a*asT «rcm 

tow* ftp?® t^fta **i m& « (2 7) aataa care c^rai to 4$ 
fapts *n$ ^ ^ sj^ ^rraw* cacaa attfa 

*I®T^aife^ 5* ' 3 ®*R to*i ?toc® aift 

6=K 1 -^ e , (167) 

Aisr 

vnarw X* mft spre ; e w M mum tow* tow « ®a 
W*f to i aafta*! (167) care WW e/M a*a?T TOW* 

CTO TO*1 aT^ 

6i/ a = K x Xe/M = 5TO (16-8) 

aafoaq (16*8) ^are ami to 
t> 3 d0 + 20t^t/ = O 

*£& aaftaare 0Z1 2 TOT ®Ta ^are ami TO 

4 0 +2-^=0 (16-9) 

0 z/ 

aafoaa (16*9) care rfz; *ftro caa *pasj to^t- 

^sa retfre ?apf®a *fon c/0 ami aia i 

®ft^Fzr care fta® tor^?^ b <t,are ^a?^® vq^§ c&hi^ 
cro am to i £ap?®^ gsrea >irtwi ^®rea arro 

qfeq qf criw mr H aram a*ai ** i cstsa* croa faro 

toj TOa^fa <$®rea ansra *ra®re, ®tW ftpfta mu* 
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i£J^ t^P'D I CblV^ C^OSa i3 5 l : T'®lC< 

^ ca ci>to fapfi© ^r?\^s to I 

(2*4) ^CT 5 Pf H <$to CTO3 2P5TCT v OT TOOT 
to 5 ® M?r tocs i (2*8) cto^ csto cto<t ®rt 

c^t?^ f^gifv© nmi to 

+=«. Si a6 ' 10) 

4*fTPT K z sp^ i e/M *\*»m snros cro 

STTSiai nrl 

<t>v = K 2 He/M = sr*f (16*11) 

5rito3ro (16*11) otct to w?n to 
vd(b + <£d?; = 0 

^ toi ©ro to *iT«?n to 

d * + dv = 0 (16-12) 

<f> V 

(16*12) ot? dv cay jfter toj 
c^to fapto ®ftsn d$ nro?n to i cto* fato 

C^9I tos sro^fcr c/0 C^to *ftTO TOI fafto (Dispersed) 
TO W C&to CTO aw*f TO, STOl 3TTTO C&to CTOS 
a^rcs <4 c^to stc<j fstfto su i ctfw fagjfo « 
^Tf^s fspfo toi^rho^it ^to tot csto c$m f^«i 

st?o«t fsf^jsr cs?f ^ro^9[f^ cuto c^ar c^ic^f 
r *f^T5 A C^TC^TSR^F^ OT>S F ^US ’TO i 

<a§®rca c^FT^Tf^ »*r£ to§ cs cto* (&+r) qprct 

^TT?R^<l fato ^oTto fatfsq (Linear* Electric Dispersion) 
(b + r) dQ C5to c^a cro* r «tsc? fato c&to fopra 

W SOTSR I $r«frc C¥TTO-*r6 TO5 

(b + r)dd = rd<f> 


(16*13) 
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(16’9) <£rk (1612) «w nr'Qin 7T7 

dQ _ 0 d<i> 

0 ~ A <t> 

5 rsfa7*i (1613) <£m (1614) C5W $iT77i 

d_0 = _r_ = 20 
d<f> b + v 4* 

5tsm r(<t> - 20) = 260 

r _ 20 
6 "<^-20 

(1615) Jislt^RiPBr *it5tc7J c$i i cstre *jt?r oftcpt 

*[77 r *11^71 7T7 I 47 SIR fa<©<T <£C7 BJTSR^to e/M §*TC7 I 

jpitara (1615) ^prral TO tos - e/M 31177^7 
CTT^Pt-^qTsra *tot7-*iw 7 (Locus) §ai7 7 ft cw^Tsnfw 
caS (A) t^ti 7re, ^T5t*r 4^77 3 JT 77 tfFrcfrsnfa* csrcfa 

?7=JC5 CS?m?>T\3 5C7 ( ?RT 16'la) 1 

CTWPT-tT^ta W7-*fW7 SRpfe faafato §*tTC7 ?747 
«pti 7T7 1 (1616) to M 47 s O $m sraraw ^foscra7 
<3 ctfw C^ff7 47< F 5 ^ ^t?r wrere-foy 1 MO 
77*IE77T7 7?7'^TC? t T7 Tfr 20 CTTCT OX 47* 0 C^TC*! OF 
77*^77137 7*71 7T7, OX « OF C77F1E77 Wfe 

<37*1 (0 - 20) 57 1 to MN 5I79IBWri& *7779(357 TO^T* 9lfo$7 
( *r<T7 ^f^CTO am 7*7T7 frT* ) to“T 7*C7 I **TC>S8 MN 
47* MO C77T7C77 *139fo CTTC 0 5E7 1 5JPT 7*71 7T7* C7 OY 
OX 5M«ira SjfesiCi *T*?7*Ss iflTtffc 3RPIBW1 vflTK FP « FQ 
5355 F ?7^ C«W OX 47* OY 77«TC771 ^7 §*TC7 *r*?7*Sa ^ 
I 

*rato7«l (1615) C«CT <371 7T7 C7, 77JT 0=20 57, ^57^ 
T— « 57 I Spfa 7ft C&faT*?7£J?o 0 = 20 57, '®T5C 5 T *777^7 
^spffa *pCT <?FT7*Tto 5W 47* CSfa? C55 C7C7* *l[7^fa 

3|k|1^7M t57TC7 fcpfo 5C7 I O C7C7* >ftto *[717 ^(T77^ 


(1614) 


(1615) 
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CTWlfaTO SRI <£>20 S<3?n £OT5R I (1616) faff C«W 

F 3 / *[RT^p (Coordinates) *fT<3?n ^TT?I s 

.r F ~ r cos (<£ — 20) = OP 

y F = r sin (<£ - 20)« r(<£ -20) = OQ 

<F$] (R 0 <£|<K <t> C^R ^fa<T SIR I 

(1615) *iT< 3 ?n =rr?r 

yF = OQ = r(<£— 20) = 6.20 

SHF^R ff<fffifceTO SR*ff 6 ifW 0 sp^s <IN 1 53 1 ^c3R 

y F tm 53 i OX Cff*H PFRPPI-fa^r *pi* 

*RR ^ \ 4® C^T^l m C *I OX <3TCR SRfaff 

FQ *rasrar<nft ws m (Locus) i 

(1616) faff wc* *&&& encteraR 53 <R, MOF fff^:®r MO 
i£rc< MF fluffs oti 20 s?r t MF <3 OX 

*ET*Rff31 *R**R<R 3RR3FI I ^efT<? MF «£W FQ TO3TC3WI 
<W (TFTCfofTfcPF CtfSte 33T33 ffNC'o 

i 5^ss «$ aT«rfa^ ‘rfvyq MN 4<r 

*wn 0 c^tfi ^ri® «nw i 

^ft^C*F5 X 3Rlfa<l?^s ffTTO TOR *ffa? fafos s»s TO*f?T 
SfRRRff ^Tft^o fapfe 0 tK*F ^ ( 16’7 TO^SR 5*fal ) I 4§TO 
3RR C5fa? C¥ff C«[C? fatfo SET CWfrStffa^ CSRfo fafaf? fa®^ 

wtoifai'® j^n i 

cutoff 3OT awfa* C<PR C^t?W 

fa®R ^ <<n ^ i sw isw$ s/M srr^s 

«r**t ^itffSjR C3*T fa®R «[TE<!> I (Wgy TO iSW$ e/M fafa?T 

C3*t CTOjTSnfa^ catfo C3TOTfaf3 

5R, i£J^ ^Tv5t?r 3*ffPF ff®Tl Cff^KW^PT ^3 ff^lo'fkc'R 3*0* 
(Velocity Focusing Mass Spectrograph) i 



333T®ito ®3 fsr^?r ; ^ 171 

16.8: m mm 3Wot to3 

*&rat«ttos <53 f3«fa 

(16’2) to smto3 ^ 3tota*f to 43*$ 333 ^*n 
srHo 5tro i 3TC3 sm'&r to sm 3 s # tore 3 eh i 


T 



43 3T5TC3J fto 43* 35SH 43* «T 3 3^3^51 (Accuracy) 353TC3 
333 re i T 33 * ^3 Ufa 3*133 I 3E3 ^T3<3 ^nd 33C33 3C*S3 3T5TC3I 
fto *t*r 35GJ 43*«T3 3^3*51 353*TC3 33313^33* <53 fctf* 3*3T5 
33*1 53 I 

(16’2) to B 43*?S 3v? 3T5J3 3T3 3WJ 33T3I3* *333 §W 
53 I 43$ 5JT3T3 fato <53 TO <3T33?[f3 V ?3<5£33 
Z&K 3 333^3313 eV <3#3 3*E3 S x , S 3 £T*fo ^ C3*ltf5E53 

331 to 3T3 5C3 33T3to (Collimated) 3topi3 <313^3 ?38*F5 
53 I to^ ^T3^E5 MSI J lf J 2 <sft^5T3 ^$3 3WJ afff 
fa<53 SC<5 £t3 U$F5 53 I fagre <3T33^ D C33T?55 3T3 

5C3 O ^<BE3 C5t$? CTO3 3W! SC33 3*£3 I cto 5 ? <73*133 3T31 
f3gl^ 5C3 <3T33^ A C3*TC$T5(Tto CSitf 3 &3C3 (TFT^Tfa^ 53 I 
C3C5^{ *[®C3* : 3 3T3T3 <5tf<53T3 C33T^5^3 3 s tto Ifa] 

em^, <7$5?3I 3fT33^3 (TtoMto C2lfl>3 §3C3 3*<53*^3 ?3^ 
Wl^lT'l'® f^l ^C3 43F 43>fi> 3tto) frr^J 3*3^ 333C331 33T33 
C3*T3T?3^ 53 I 4^ C3«IT9(fat3* 331 53 <53-C3*n (Mass Line) I 
333 3®Z f$ 43*ft <3T33i ^T3TC33 3E3J *5lto 3TC3* 43< 333T# «{3 
to 3T^TC3 3T31 53 I A C3*TOjT5TT?3*3* CSH$3 §*TC3 to«t^ U*$v 
<a3C3T3**rr<s 3*t3 4?fi> toto* to (Fiducial Point) 

3*313 3J3 5 51 3TC3* I 
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*1?^ 'Q CTOF ^ 


to&t asiw <k*i$TS afsftus <©<* toot arroRJ 
cwfrsnfass ca$fe arofa^ (Calibrate) tor i 
cto* cacSs §to croifare toot to-c?ri srito 

(Mass Lines) ^ tos sun to i toto RfcncSm- 
TO3 5KP! TO-C3W^9RI ^OT vfwft CcT*fos $I\SR TO! 5$ I 
^n C3C5 TO SRR3R cswfra (Calibration Curve) I 
^*R i£)^l$ RSSFs TO toot TO-ran* ^ fa«f CTO> 

^SfT^f TOOT, gpsu^^ CSWfoOT ^TT^TC^n TORffa TO TO1 TO I 

TO'fcr r^icstot nropfa^ to 16 sc®r to to“ tori 

TO ^faWOT ^TCTO TO 1 ? I TO^f ^T TO*TI 

R^fac^rOT 5^*u ‘Pt7^rn; c i ns*iR O 16 su^Fncfrcna 

TOTOf^ TO ft 5 ? 16 TO ^nR] TOSIT^ TO TO1 TO (210 

E^jSI ) I 

atH TO^R ‘s^Rt-airf®’ ( Method of Bracketing) 
TOo^ TO TO<3 TOS - TOTOlfa^ €3 WST TOR I 


TOfisE® M x to* M 2 to w*m aro to 
l^Rl TOT TO I 4OT TORls «JWR TO, (16‘7) 

^SfWl ^TOt ^*CTO3 TO! 4OT SRafaRTO fafjfo (0 1 = 0 a ) 

S$TO ns 


*1 = 

M x v i 2 M 2 v* 

» t\ TO* ^ s ^ SOT TOOT OTT TO* X* <3 X a 

^ cnor arareMte arciro sir \ Jfo 

*$. & cro J lf Js csiNot toj a^y faro acTO V x to* V % 

TO, ^sT^C^l RTTOl n^ 


M x v x M V x 

M*v 2 '-V x 


( 1616 ) 


0 cwn fagFs aro tor ce^f cto aOT to i 

csfas* CTOs su?t (H) TOfrof^s m&, s m w aro 

TOICTO ctf?^ TO ( STsfoiR 1610 E'Ssi ) 
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aiRRfa^F S* fa*t* ; 5I&»T 

+ x = KJU/M x v x 
<t> 2 = K 2 He/M a v 2 
+J** = M % vJM x v x 

*fa C&fa** fafcjfo a*T* TOW* CTO *RR 5 *. (4^ = <£„), 
TOW ^ £fTO TO*$ C*Pra>T5nfa^ CBC$* fas^CS CSFT*Tfas 
TO I 

4CTO TO*1 ^ 

Af ^ = Af 2 r a (1617) 


(1616) 4** (1617) *pftea*i «w arc*! *t* 


F 1 = M 2 

F. Af, 


= n 


( **l *T3* ) 


(1618) 


«r«fr^ M % — nM x s* Af x s* wsr tow* 

*KW fa^CS CWfTfas 3**CS TO STfi£S fap?S-TO^ fas^ 
acstf F a = VJn *>e*i ac*RR i *a*£ss *fa V 2 fas* acsw* 
sir 4<r c«iw* ^ c*“ft *1 <psr s*. stto A/ a tow* cto*pt-c**i 
( s*-c**n) <w M ± tow* ctopk?wi* ron w *j**r ww, 
<sw ^ a*T* w<i brj *yw s*-c**n §**w to i *fa 
M 2 TOW* CTO fafctfs-TO^ fas* ac«*f 4*F*T* V 2 = VJn 
+ AV w to 4 ** 1 * F a = VJn — AV ^*1 s* f stto Af x 
tow* s*-c**it* ^ area ^sir «pjct M a tow* ®ri ^ 

S*-C**l fe*aff TO I n *K*JTto* ZR*fS TOf TOf afa*?$S TO 
CW$T5fTfa^ Caflfa §aC* Af x TOW* TOr-C3TTOT ^ TO Af 2 TOW* 
s*-c*ai # 3 rr *prc* fcsas TO ^ *1 si wai 3 * i n 
C* TO v£i^a TO CTO* M 2 = nM 1 afsa?? **1 TOl I 
tot**iss 7i wirffa sir csrr^r^TO toi arc* i ^to«i- 
g*ia O ie+ w S sa+ tow* cro n aT* l s* toi ms i 
*fa n fa* l *s, tow V a = 2V 1 ±AV fas* acsw 0 16+ 
TOW* S*-C**l 5$ S 83+ TOW* S*-C**T* ^ TOT SW0CT 
i afsaw* fa| si ?[* *n i <a* cto* c*T*n *t* 



174 


« c**g? ^ 

c* 0 16+ snare* ®* S 8a+ snare* to* ^ srofo nai 
*f®S 4CTO 0 16+ snare* vga-C**l s 82+ snare* ®*-C**ITa 
*TTC*r sreagre <5ire (Asymmetrically) fcw S* I sje?t<f 
* faa ^ *tfasn*f *se* g?sn<TO c^iato* (Calibration 

Curve) ^n^Trei snare* ®* s^#* 3rc:*fre» to* toi *t* i 
^ *n&toa *{* *ftfa *itoT*f ?rea s* i 

16.4 : GS^fcftTO TO ^«lWfa1*faf ^ST 

siJFSre* TO TO® sj^TO ' p l?T5fT c lf^^ ^ ?rffov»Tca to* TOT* 
Sffl ?*?** Sf^T* ®* a^Frftsjm *5* *C*ren I 4* 5TCSTI 

cvs^to (A. J. Dempster) §gr?a® *5# v&toTto* to 
cto fac*ia ^TO’fl i to fato a*ato *t*®! sr^pn 

(16'3) to a*tM® scare 1 P sna* feacro are* fcw *rerw 



?5ff 16'3 

Cv5**(; 6 !>Tt^ SI a^Plfaw* *RT I P 3fT?R foaca* 
ia^f§ C5«n toft* w^na scare i 

^ttrjpls *ra witow "ifis* s^to S x c**Tto* *r*i to ®* 
S^'tofCTO csto CTO* TO! TO*T to i csto cro H ^®CTO 
*ITTO srtorc* ?TO1 TO I C&to CTO* SRTO e/M 
TO « T ^ pg fato ®pff®TTO *f«f ^ffaSS®! TO S a C*«lTt5C5* to 
tore TOf*5® A toiiscto (Collector) §TO sn*tf$® S* » 
TOnstffc E fesi^ifaftre* *rcre *ts$& <nre« WW csto 
CTO* SToTC* W snan^ *MIISCTO §TO WT®® S*# 
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f?TOtf*T^ $$ I 5R5I 3»aifo <n^5T*f 

^ ?TN1 %$ I 

^*f P w S x (srefess tot V fa«*r are? a^? «nw, 
e WH W M 5T»W ^T^T *rf*y 35 

eV = \Mv* 


*rf? ®rc?R*[feRf sswaresr ^TPTpf ss R vst^c«t ^snsi^n ?«r*ire aif? 


Hev 

c 


Mv*/R 


§ac<nT Jisftaro c^rre e/M 

aT«3?n m s 


e/M = 


2 Fc_ 2 
H*R 2 


(1619) 


V wji H TO ?3?®sr e/M 

tojt^ csrcfa §*ni c^ft^t? 3 ^ m i aro $rms sri 
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'©?J *TC*2Rf *IT5I«J tfl'S 2R T$ I 


V H i£)3 fa?« 3 f sffCJT 3fT?R a^*M (Peak) 

(16'4 foa 5*S^j) 

C® S9 f s e ^OT ‘TOT'fa^ <53 ^FTCS? fa“W 

to i sproar^ toi srotreTcfrcro sfrcafa* 




176 irniy o ^ 

ST0 (Relative Abundance) fac*re &*iWT$it i 

tfWIOT CT ®RJ ^‘fte’itor 

(Mass Spectrograph) wrrw ^t^sjt^ (Mass 
Spectrometer) ^ 1 $ ot! *[fa<TSR? i *m«l mCTO 

csrcte *n?a cwftsnto tor^siw to*( to i 

rercfa ^rcsi toto TOc?ws|to fros $itf©i jrf&row 

TOEs ‘ p tT?TC«T SITC*[fTO 3T0 TO TO* I 3^*0* 

4$ ^rfsram smnrorcj i ^ *<fr®ito*F *fs sira* 

zftiz tsitera *uzm «{* ^c®f^ 

to ^nr?r i 

*wtr §BMCTnn c* Gs*»r^ §§Tf*\© &a *n?zr 

S x cs*(Tto cwpf ^9( pFtfq 5 ? toto* TOa^fo* 

TOOT! sr»wraft (Divergent) c&fa<F c^EBT a^rc* 

180° c^tc 6 ! fa^r® as S 3 csaitos §acs *prcsp'FFito 5S i 

’Bf'fTS C&lW CS*T C^HCTS si'© '5fTS ; T^|^C < P CV , l<PlT ;> i'© TOC'S *fTCS I 

CE>t?^ C^CSS CS STC^TS PFTOPT , TO'©1 ^KS. ^©1 a5X®?5t OTT* 

to sts i (16'6) to a c^tct ^ramst w?r a*asr snssrs 


B 



fw 16*5 

c^rara c*nwr ^rsi i 

TO«m c i f i *fH seot i OP >r?reTC^iTiT f^s^s *n?R 

OAP ^^stto m sfeR *fcs OP owra P fa*fc® ®nato 
TO I TOJ*1W OP TO*IOTIT<T 3Rpr a CftTW TO5 OM 5RW- 
ctots «rfrow fsrs^s sits ^br OBMQ *w atoro 
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OP ca*fra Q fagc® 5rrafs<© 5?r i OBM 

^5*w OQM mft i stfw srtfs ^$<1 ^ 

R, 'SITSRTI arf<T 

OQ — OM cos a = 2 R cos a 
OP = 2/? 

^arc OP c?ronr ^t?r ^ ^rca^r fagroRi <jwr ^ 
PQ = OP-OQ = 2i?(l - cos o)~Ra* 

sfa a cwft c^tS 5?r, a 2 m fccwfa i 
5p*fa P O a t?t ^ q?n ^r?r i fs c^rc«i 

«r*pn<ft wro *i»*w onc&rarf^ cscfo §ac?r 

?<J*fCo ’^T£f^T?3Tv$ ^ 3t«T SI^T 3>31 \ 

C6to CTOS ^TIR-C^Pf WSfssl OT 180° C^CS^ 

c*f«n *n?r =r?r i fasifoa ^rihj snw afoiTCT 3j*rereft 
5 isim C&tw CTOS ^♦Rjf'fFF faW 

pFT^T?5f\5 5[?I I C¥£53 »fl^2f<PT?T ^1T?R (?FFFPT 

*m a<re^1 *p*r (A.O. Nier) a$*i T^«T^hi*i ^HTa^ra 

^fTofbrra^ *ra ^rr i 

16.5 : <^QjOT3 ^ m 

Cv5*a^TRRI srs c&tfsBi (K. T. Bainbridge) e/M 43* 



12 


far 16*6 

wnfacwi 3 <T®ffore «ra i 
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mtw ctf^js crora zmx 180° ctoi faps to 

faM fa^ 5 C^FT^Tto ^*$1 TOR I TO to TO TOT- 
9(?TO i£l$fi> C^FTC&TSnf^P^ ttKfca §TO CTOTto 5R1 53 I 
TOT &*? C%C$<1 §TO f^twT e/M $JT?R?[e§ TO 5 ^ to?T 
®a-c?pn $s*w to i vsTfi^i ctfw cto awr tos *gtf >ttot 
5T*^ ^SfRR^TO CTO (RTO SRlfafa CW-&Tfo* TO5BT 
TOR I 

C^rfes? feto ^ ^rataf (Mass Spectrograph) 
(16'6) to SFrto TOIC5 i §W CTO 5 3Rig?<re (Colli¬ 
mated) srrerc^ mm P x w P 2 >tstts^t®t to*t cacfo 
«Brtv5l TOT SOT TO I C^TOR TO X SafeSOT tal TO I 
(16'6) to i£& ^SOT ^TO<T *TTST<T >TSIT^TOT STTTR^S 
2f[3f?5T^5 91?^ ®TJTT'5^^ft OTR 5CTIC5 I 'Si C&fal^F C^5 

(Hj) ^[SWil ‘'TfTO ^TOT fZFTTl 3>C3 I TOT Cl>tW 

w ^Tto T^pfo mk srtot ss i dft*? 

ftf^r i£l^\ STR fr??^ ^T^PR f^T^tcT C&)W <3 W[f^s 

^RPTORT fa*f#35[«(t <4<l\ sflRR ^?n 53 1 TOT 

*rot 7f s m P x 4<rc P 2 catos *ra^f to cto. 

^TOf fcpsr^ ^C'O ^(rC?T I ifl^aTC^ 5Po aT33T3 

■I^iTO 

—?-■ = Xe 
c 

®r«fa v = cX/H x (16.20) 

&rora wufti cto c>i*n 3T3 c*r X <£m H x <£ra fcito sttcr 
Sira C3*»T f^®RT 3TO $IT?R P x P a 

CSd^CSHT '5f5^'©t ^R C**IC$ C3to '®U 3 1C'0 *ITC3 I C^'lTf ^ Tufa'S 
lift srra’STPF ^n 53 siraOT ‘ot-Wts*’(V elocity Selector) i 
P x «iwt P a c?n> 3 mR ^ ^sr ?n^n 5 ?r, ^ c^R cm 

JWT ^T?R ^C«ra TO CTO C^to ®nWJTl ao I 

wn-ttm cm*? 3tsr:^^ s x c^«h?^h 

ara to «?r R^rwftew H cstw crora *iwi ac^*r to « 
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e/M ®fT?R^ ?5?®?T 5JPTTW5 SW^STTO m 

afesrc to P c¥rc$isfTf^?F cKcfe fafos ^pft^nfR's 55 i 
srftf R 55 nfloR*! *IW5 5JTRT4 \5T5Erf SfTSRll ^ 

Hev_Mv 2 
c ~~R 

^ e/Mc = v/IIR (16'21) 

(16 20) RT5TC5I ot v U*m to (16 21) 

rrIto c*m e/M =F5i 5T5 i 

^ ^Piif© '5T5^RTR MRfsI®? RTRlfaf 'SfRICR*! ^©5 Rfc5^ '©I'M 

tor i 4*mR feowwraj cy U*im mw srratRs s?rj 
CTTcfrsnfa* csrcfa §w ^5 -gtoi Rsg55 
tos 3TC??i ifl^ros afotfvovo 55 ( v R « M) i cRfr^ csim* ^ 
R*sfi>C3> SRF&R^ vs5 R^Tofft:^ 5*0 ®[c*ppi 5C*t RCR 5^1 

ot© arcs i MjrfisF my rfzrt rtstmj m rot* <£itor 
R%TO R5TO aSRT'faip ®5 ?r4r 5>C3R I 

16.6 : ^ (Sj^t5 C^Ft^tR ^WS\ R**l* «* R«MfaWF 5® 

S1TR51 OTW^S C5, ^JFtfrR 5F0 *{5 5* R5TO RRTSfe, T^ W 

C5R-fa$fe r"*i® Rsiaf^sa stcbr^ cwfrraifcw cacfa 

fa*gre crofrf® 55 I stfTC 5FS5 C5a-C*FTO (Velocity 
Focusing) 54 sra i ^prpiff c^^rsr 51 M5fec®?5 tot 
R roa R^rr afsro ®r^pri?il sjraR^i® iii^ cwpTfans 
55 i ^ 5 ^wrt C^tf^-OTTO 51 fr^-CTOTR (Direction 
Focusing) 54 3JTC5 1 *l55€t *pt RTST^ 45< 5 tc'?*t 

(Mattauch and Hertzog), w ®?&R (Bainbridge 

and Jordan), fR5T5 (Nier) ^ ?53STRfa«l ‘fre-CTOTR’ ^ 
R^rsiWte*! 5«s (Double Focusing Mass Spectroscope) 
Agfa's TOR I ^ R5 5FS fof *|f?pn*l C5R-?5$fo R^fT iOT< 
«[■*[ CTO «wn?lt RRSf ^55 tint CTWlfiTO 

RRH 55 1 55OT 5P0 M*f-C*PTTO 45^ ^f-CTOTR, ^ 

aro c*ftto 54^ 1 
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'Q CSF'EES* aTSbS 

toa csa a'as afo^TC*! ^aarsft 

aaw teto (Radial) vsfipOTBRT TOJ am TO i ^ 
asussra c^ffRTffo cacfo toi aff»*f ac?iT^r to 

aTO foto tow ^<n ss i ia$ 

fa^csra sre to to i sfttfrc 43 asra fato cscas «iraa tosr 
aca asi 6 ! to, TOI 5TPF?r m-fa^I*l (Velocity Disper¬ 
sion) atC> I C^iaa i£J?pi$ faSHR ^5ffrrC^IS ^TC^TS* 

to i asua 5<j faqj fato caa a^ass ^aaist ^n^sr^t^r 
5ftoro cro* to^ sara aa fato tore crofrre sa \ 

TOaS 5TS1 C5tW CTO am TO I Caataa a5 C&fas* CTOS 
*TT?R CSFTTO *R51 51TC5 51 a®ll 5X3^ I 51 5Tv£l cstw 
ms?I a^rca TOa^to 5^-?^ c i'G (Mass Dispersion) aa> i 
«as$ e/M ‘fsfa'dfato caa a*aw sfTaa^a croa a«rca 
ifla$ fa^re cTOTfao sa i 

(16 7) to ^ aTO <^tto a*r a*a?f 4afi> a*a a^tto 
TOC 5 i ifl^sia area 5 $ aTO caasaa sitto s?aj ^a a^nai 



fw 167 

*r;t a^ia canro atf faTa»& ^a siVta'q a*a i 

ip to 5toi a®a^ stores to aafan to asa i 5T^i 
^toa area 5a toa«i a^a^i'S ip to sa i to tot <$§ aacaa 
ares arsissi sifts to ato^i (Accuracy) asroa aaaiato 



*f33T e tf<3* *53 ?*t 43 ; C^*5C^3 Stt5»T 
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<53 M3 3*3i >TS3 i 3\s3H «rwv 43 ^ (1 : 10 6 ) 

^f^<p\s| 3T53>fC3 *f33T*l?3^ ^3 Mf3 3*3T3 335 Agfa'S 5C3C5 I 

v»?I 3*33^5 *1^3311, 33T33, C*IC$Tfa3T3 f*T?9f 

spffo 3T3i cto 313^ 53 1 *f33T«tf33* ^3 M3 $t®i, W^jt 
! ® iT§C3Tri>TC*{3 OT^ (Relative Abundance) 

MrW, 3T3T?33 TO33 3C3I ^3?^ *t*IHC3J3 (Impurity) 
*iMt«i M3, m33 3JT*R -5T3 (Rate of Diffusion) M3, 
^“Ifd ^3X33 TO f5 fe53 (Leak) 5f3^H M3, 

C*fC$Tf*r3T3 faF*T 5T^TM3 13^3*1 3T3T?33 *IC33*fT3 

<43S 3J35T?33* SC3T8X3 o3 3R33 3J35T3 3\s3T3 3TO 

«I*ff35rf 5X3 W9C3C5 I 

16.7 £^®#t3 *WR *tf%* 

*{3 3%3> ^»TC3 fafSsT *f33T*(3 ©3 v f?33T 9 l <F3T3 *f3 «IJI*fcT 
5TO 3X33 C3 9 T3 5 TT c f?33> TO3 43X3* *\UUv ^ 33 ^C33 3T3 
3T3 ^ 43^ *$ >K3JT3 33T3 53 1 §833 3*31 5X3C5 C3 

O 16 ^%3TC$TCn3 *f33T«f?3^ ®C33 C3M ^X*T3 $1 ^I3C3S 

'333T C I?33J ^£33 <33^ 3C^f 331 53 I ( 3T C 3?^ <PTC*T i£|$ 43X3*3 
*f?33tfa C 12 ^l^X3Xto3 ‘333T c tf33 s ^C33 3T3 ^TTO3 43* <sT?X3* 
J 333T e T?33* ^33 43*3* ?53X3 5f5*l 3*31 5C3C5 I ) ^ 

43X3* 0 16 5 5ntc3icto3 *f3SU«tf33* ^3 f&3* 16 5X3 I 43* 

*133^1^*1 OTH 5T31 *f?3fa\5 U*F®3 <53 3 U'Q *[fi 3^3IT3 

*{3 3*T5T3*T?5 *fT<3?n 3T3, Sf\5*fF3* ?3*^ O 16 5TS1 ^ >13® CTO 
*(35IT C !?33* <53 M CSX3* *fMTCT *$<33* 53 I «{3 5T®T3S1 

{A < 20) 43\ ^3 ^T3t (A > 180) *513*1 *1351*1 >fS{C53 CTO 
'5333T3?3^ <53 >1**111 SXW <5[«1 nt33TC3 C3*ft 53 I 3»13*CT 

4RF3 *f35T*[S(fa3 ^3 *$ >f^ 3XW1 ^t33TC3 3^ 53 I 

f^3s$vs3 ’Iff ^*"311 C«IC^ *RPn*lM ®3 >[S^53 W *fi*W]*\ 
-9n^ ^ 1 ^in^T v£l^ m^I3 ^ <?R ‘^3-2^’ 

(Mass Defect) I He* 1*13 ^33^33^ ®3 sm 

4 '003874 a mu ; ^53K iSCTO ^3-5^3 n^33T3 + '003874 
amu 53 \ "5IT3T3 As 7 5 33 *133^33* ^53 5C^ 74'94540 amu ; 
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<3 ora* 

^?!TC 4CTO vsa-s^a ’tfOT’i - '05460 amu ^ i Mw ®?r- 
ZFffc 31 qroRRP *ITC3 I «{3 OTH W *{3 ^T<fl *rasiT^ 

3J5^ CTO ^-zpf& JRNI^ ?$ ; SH3 4tfr3 *f?TCT^ta CTO 

m*B$ *$ i ( 161 ) m<kv Um Uv*w 
wpft Ww *?n scto i 


*Tfa«l 16*1 


*13^ 

*rasn*fa* 53 

(amu) 


aarm 

H 1 

1-008145 

+ 0 008145 

+ 0008145 

H 2 

201474 

+ 001474 

+ 000737 

He 4 

4-003874 

+ 0003874 

+ 0-000968 

C 12 

12*003803 

+ 0*003803 

+ 0-000317 

O 16 

16 000000 

0 

0 

pai 

3098356 

- 0-01644 

- 000053 

Co 69 

58'95190 

- 0-04810 

- 0000815 

As 78 

7494540 

- 005460 

- 0000728 

J12 7 

126-9448 

- 0*0552 

-0-00043 

Au 197 

197*028 

+ 0028 

+ 0 00014 

Ra 226 

226*09600 

+ 0 09600 

+ 000042 

pj28 8 

238-12522 

+ 0-12522 

+ 0-00053 


OT OTT *R[sn*pi wHFto *RRT*l?r wk^ji (Mass Number) 
^rai <5R ^<rc*i *n«sn m *^T5iTC^*T-^?rr^ ae T* (Packing Fraction) i 
§to s?$ ( 161 ) witre scs Utes ^rrt^ ^snm- 

vmw feii»R« ^ scare i ssa-zpft ’raimwww 

te SC3 I 4TO OT ♦RPIRfa* TO3 ?H^I^5l 

Tjl *r«ijt$ ca cth »Ri5n*p <5a-5rc*m i *rc*iJi 
C^gC^S aC3J a&lH (RTS caT^T-fa^N 3R*fIT<T aaH Sa I 
afa ^4 sa-JRan W*r^ ^rrt*[?i ^aamfa^ ^ sa M, ^Tsrer ^. 
(Mass Defect) sa 
^M = M — /4 


( 16 ' 22 ) 




53 fafa ; C^'SWS *t&T 
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TO43 && TMTWTOOTV'T ^ 

,_aM M-A_M 
T A ~ A A 


(16-23) 


sr«tfa c^*3c^ ^^t*t qfrm af« $m jmtcwsotw i 

srsfteiFi (16*23) cto *\m\ *nl 

M-A a + f) (16'24) 

(16*8) Tsffl fa?®?* C^CS ^3-WIJT3 5KW sroimw^ 

cmfes srefere scare i va| fes c«ire srton sa ca ^ 


80 


601 


20 
, +10 
0 

-10 

o 20 40 60 80 100 120 140 160 180 200220 «>40 

A 

?s?r 168 

ST^an *f35TT«[3 OT (A < 20), aroWCllTW *RF5I^ Sa <53- 
wn im *rcre gpi cto «rrc^ i 20 cto 180 ^ atoia 
srcaj $r<[fe£5 c^cs ware sa w ^a sift 

**r sa i cmfes cro real aia ca /4=60 wot ^raitaa- 
WWIS STM ^TI^st ^ I n»<T-7K*|JT<T 5TM «{3 (A > 180) SC^T, 

*FTTU^ Sa to to im CTO 3IOT | 

>T5TTC^*f ^m*T3 till &m *f?33toa aaa«l «( e CSr TOTT1 3Ta 

C^®5OT 3*R *lfe? (Binding Energy) f3C3&*F ^aOT 1 
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* cto<f 

STT5T31 ^ C3 *133T®1 C3**g?F Z 5^31^ C2fT$3 W[K N = A-Z 
5jw* ^sin:^»f 91^5 i c3 cto croc3*3 ®3 43 sr«n^s 

caT$3-?3&ic33 csm> s»3 srcwi fo|$i ^ $$ i to«i cst^t 43 * 
fa§£3?(frT3 3raTC3C*l3 TO TOF3 TO C3 TO33 ^ S3 <7T8RJ faf 

*f?3TO to *fc?3 aoro S3« $$ ^ sm. csro 
cart>3-^$C33 C3T$ ^3 43 ^ ctoc^ 3 TO3 aisfcro c 3 *ra$5i * 1 ^ 
^IWf^^RR «R[3Rft ‘ 5 TT<3?n 3T3 TO *T3H I 3f? M (A, Z) 
S3 C3H 333^3 <®3 43S M H = 1'008145 amu'Q 

M n = 1'008986 amn S3 H 1 *Rpn*[3 43* fa[$sfc33 <53, 

<5TTO «5*SCT3 3313 *1?<F S3 

E b = [ZMh + A T M„ - M(A,Z)}c 2 (16'25) 

§^ 3 * 1331*1 He 4 *rasu«[?r c^*sw caifo (Z = 2) 43 * ^ 
f3^3 (iV = 2) 3TC^ I 4C?3 C3T£ *1353*^3^ <53 

2M h + 2M„ = 2 X 1'008145 + 2 X 1*008986 
= 4'034262 flww 

4| <53 (16'1) TOte He 4 *rasn«pr <53 Af(He 4 ) 

= 4'003874 am« C3*ft 1 35 ^ 31 * He 4 CTOC?3 TO *fts* 
SE^ 

£ B (He 4 ) = 4*034262- 4*003874=0'030388 amu 
=0 030388 X 931 '2 = 28'3 fa-^-c<5i 

He 4 CTO^to ?3*(fa<3 TO 3fa 43 TOTO CSIT^R 43* 

‘SjfsTC^ 5T^ ^3C^ <5TTO CTO^fto 3JTO §TORF 

ofaTO 3T333TS 3*3^ SC3 I 43 CTO TO *tfer TO*tf 
^?3TO TO 3T3 I 

4TO tesiCTO C3 (16*25) ^5ft^3C e l CTO^3 TO3 *f?33ffo 
*f3S[T c l?3? <53 3I3ST3 TO SC3CS I 43 TO3 C3 $8 *ra!TOC*l Z 
TO* fe»Frifc33 «3 3T?<55 t (Cancelled) m m \ 
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^ Ufa ; 9f^T 

afa c*rai 5T5 

M h = 1+/jt 

M n = 1 + /n 

(16‘25) aa'faaC'Rf (*t?^ w \»5 ) 

45$ i£)<^ OT*f TO, ^551 feiatfs aifa 

£* = Z(1 + / H ) + A r (l + /J - A/U, Z) 

= (Z + iV) + Z/ H + jV/ M - A - a M 
= Zf H + Nf n -AM (16‘26) 

(16*26) ^sffa^ caw cwai *m ca w c^*BR^hr ^ afoir 
siwi WW a K a^ I TO *I%W ^3-5Ttan A ^T<T1 ^ 
5*3E«T =TO=T-^WK*f (Binding Fraction) f B *{\m 5T3 s 

fB = E B /A (16‘27) 

^a'&sS TO-^SlTCa 505 wsg^s 5^1 afo to afei 
aftm i (16*26) aafosq caw ^rasi ait 

4. _E b Zf*a + Nf m _ aM 
Tb A ~ A A 

«*fhr 5W51 asaT<$5 cro M < 40), Z=dV sa i «rihi 

CTO'S Z 45* iV 53 I ^5T* ^1531 caT$T^ 5IW faaOS 

arfa Z===iV==v4/2, 43* 

/* ^fj±fi‘-f (16-28) 

C3C5^ / ff =0*008145 a/mt 43* / u = 0*008986 <hmw 
a*an ^ a 5 ^, ^43 asfteaa (16*27) caw wai ai?r ca asrcwa- 
w**r gpi ai ffe a*ca to-«stt**t aairo ^ 3i £Pi ami 
aapss ^3-a*ana a*ca TO-^aTTO afaa^a aaTC3*T-^aT**r 
afaa&aa U* faa#o aff^i 5 s 1 (16*9) ta 4t af^wa 
chafes atfas scare 1 wafca cw real arc ca ^3 sr*ran aaaT«(s 
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*f<T5jT3 ^ CTO* 

era f b fTOM 5^ <jfa *iT?n *wjto1 «t < bot (20<^4< 

180) arc im i srat ^sit^ ms / B to to gre 

*rr?i i 



A 


fra 16*9 

^»*R-^SUW C*Wfra l 

TO-^sfiw r, to« ^s ^\ss 

?$ i ^mK TOim-ww fas craws to< 3 «*ft q? 
53 i (161) rafl «w c*roi sra cs sstfoRa (H 2 ) stotott- 
wvis sir ( + 0*00737) W«T Sbs i to 

^ I S^nd* v£l^ W*5WS *ra*T Jt lT'fir 

E b (H 2 ) = (1*008145 +1*008986 - 2*01476) x 981*2 
= 2*226 fa-£-c«i 
sptfrc Meters to-w<t ^ sits 

f B { H 2 ) = 1 *113 fa-^-wi/*f*wi 

^*13*1^ He 4 cra*F wfl W *KTO 53 i 
^Tsj<n cs 43 csit$ to "ife 5C65 28*3 fs-l-c^i i 

43 TO-WW 50$ 

/s(He 4 ) = 2 ^ 3 = 7 *08 fa-^-wi/^fwi 

H a craWS TO-^SKPIS ^pRR 4$ TO* I 
(16*1) wft ww CTO ^wHe 4 vOTTOTCTO-otw + 0*000968 
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*1331*^3 ^53 ; C335C33 

amu ©3Ci>3R3 sto^-^sitnTO ^*rt3 $ir3 33 i 3313^1 w:** 
(20< A< 180) C3 >13 C3 5 EK33 33TC3*r-5ms*r <mi3 53, 
<R^fa C3*ft ?? w* 53 » (16'9) fro cm <?r*n m 

OT3 CTO 35R-Wtf*I3 3R 53 m 8'5 fsj-i-C®l/^f*Wl I (TO? 
TO'Q C3 5 53?(?= ? I3 TO-<s5JTC*T 3C3 3T3 43* 4tff3 33TC3*T- 

®w 33T3I3 53 sr&$3 4C*r3 to ^c^wf^s T»iTwr$?i » 
§tafa31C33 CTO 33R-«m**T3C3f3C353 3T3 7'5 f3-$-C®l/3f*l31 « 

16.8 : 

>f3TC3*r-«SfTC*r 31 TO-^TOT C^3to3 >35TC3J C3*5C33 ^52*^0 
a-3i‘'1T3t33 313*1 >T5C®& 33T311 331 313 I (16‘9) fro C3C3 CW^Il 
3T3 *{3 «rat C3 5 53?(f<33 CTO ^3-3*311 ^3 3*tfT TO-^TC“T f B 
gT>l *113 I 3f? 4^31*1 43fi> C3*g3 ( 331 U 238 ) 43^ a-3?*I31 
Ui^5 3C3, \sT5C*I SRM C3*5C33 ^3-3*311 613 >333 3C3 3T3 ; 

43 TO-^3T**t f B 3f5*t ^T *fT3 1 3f«fa SRfa'S C3*53 STCWT^vS 
C3*ft qs 3*331 53 I 3Tffo3 f333T^3T3t C3 5 S3^^T >13 333 
tf!J^3 '®TC3 3*331 ^3^3 3^R?3^ gre 613 I 3T3 e l 
C3CTO '5IC I f3 C31$ “tfisR *lf331«l 3C3 3T3 I ^31* C3 >13 C3 5 5C33 
a-f33$C333C®l^C3 5 a3^3 33RW**T SlCWf^ ^s3 53, C^fa 
2JT^pf i o3 3^ ®I*[313t 01-3^31 f^S^-o 3C3 3f v tl9f3'o 5C^> 613 I 
(16.9) fro C3C3 C«pn 3T3 C3 A >100 3**f3‘ C3 5 5C33 CTO 4^31*1 
*1153 I ^3*fT C33«T *[3 ^131" C3*H3^fel3 CTO& 

Gt-3f*13T3 C3*H3 C3C3 ?32^s 53T3 “m 3C3^ 53 1 ^31 CTO 

4§ *lf^3 3R 4 n 5 33 53 C3 a-3f*f31*jf3!3 *1C3 ?3^3 21^3*13 
(Potential Barrier) C^B 3C3 53T3 331331 53 

(1215 5^31 ) i 

(16 25) 43* (16‘27) 33t33*f3C33 >TTgTC3J (X-f33I>3 *1% f3*fl33 
(12‘9) 3sf[33 e IC3 31*113f3^ 331 3T3 8 

CTO? M(A,Z) = ZM h + NM n -*Af B (A,Z) 

M{A - 4, Z - 2) = (Z - 2 )M h + (N- 2 )M n 

-(A-4)f' B (A-4.Z-Q) 

Af (He 4 ) = 2 M h + 2 M„ — 4f Ba 
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! sro43 33331 ail; 

0„ =M(A,Z)- M(A -4, Z- 2 )-M (He 4 ) 

= A{f B - f B ) 4- 4 (f Ba - f B ) (16-29) 

(16*29) 33fo3C33 to to*3 Wto gpisrf&?r ipi3T3 §w*4t3 
33 i g$3K Q a ^A(f B -f B ) c»mi m\ c*xg.y ®T?ft 
3*[C53 cro / b>/ b *3, wvs43 Q a 4W3 cto 33T3R* 53 ; 4§ 

33 CTO3* a-f33$3*ft<3 5 :^ *fTC3 1 

5WIC3*r-e?ITW 31 TO-«ilR»f C33?K33 3T5TC3J C3* J 53*-?3«T5f3 
(Nuclear Fission), C3**g3*-3«3TBR (Nuclear Fusion) ato 
3S3$C33 311311 35C®f^ 3T<3?n 3T3 I 

16.9 : CTO3* ^ WTOfa C«ttfo%3FFlN ST53t«f ^ i$* 
^ijwj<v5l 

s»3 34T3fc<33 3C*33 3T5TC3J a3*n*rf33* ^3 fa43 TO tow 
sn&C3TCto3 TOto* ®3 3T3 4¥ 43*1$ *l4 3S3JT3 JWH *lT<3?n 
3T3, 43*31 *Jt4 §CP3 3*31 5C3C5 1 4$ vo3JC3* TO3* TO 31JT^PT3 

'*$ 3*3Jl Jgr (Whole Number Rule) 3<?n 53 I 

33133^3*1 3*^3* fcwfa a33T«tf33* ®T3'Q TO3* CTO QT3 4*5 
43*1$ *j4 3“3JT3 TOT 53 I 4^ ^C3I3 §*I3 TO *T5 “1^T^3 
a33 to ST&$ (Prout) *7133* ?3$5TCt S3T3 TO3 C3 C3S5$ 
5I^TCTO3 TOT^to s»T3 SfT3 4C3*3 TOT, «T®43 335 C3fo33 
TOT®[$ W®!3 TOW 5T^CgTC®F3 3331^3 5T31 3^5 I fof 333 
c*wi 3T3 C3 ca*rf33 (A = 35*46), \sTsn (A =63*54) grafts ctof3 
CTO a33T3?33* ^T3 ^4 3*311 C3C3* 3W$ a?33K3 *$33* 53, ^33 
aT^C$3 wgsiH (Prout’s Hypothesis) to^R? 53 i 3&3M 
“IvST^fte ^n^C33 *$4 3*311 *nfa«3*IC33 *13 topjbn 3[T3T3 3^3 

TO few 3*3S® ^ 3*3C3*T C3 2IT^$3 &3C3HF TOTC^ 3®J§ C3T3 
fto *ra 3*t 31 I *3331 njtf CWC^fe C3 33T33f3*{3 c l 3*<$3* toto 
a33T*lf3^ ®T3 a^>*fC3F C3tC33 f3f'5W ' 5 TT^C3IC$IC*f3 a33T*ff33* 
^TC33 TOT 53 ( 2*9 5*$3J ) 1 *3$C3Tt$ra*(feT3 fa®?3 

*f33T3?33* ^3 ^331 33 33C3^ OT 43* 4^$ ^4 3^333 33T3 53 I 
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*ra5TT«fa^ TO ; C^sg^!<j 5i&f 

H 1 *RPiT«fa* to (1'008145) am isot 

^TO TO, ^TOT\ i£l<F«n TOT TORI TOTfa<F Of ^ TO-*K*IJ1 W CTO 
Sjfc>UC£lC*m ^SIT^ CTOOT TO! A 7\Wl^ II 1 *f$sjT^ C<F*5^ 31 
CaT^T sfTC<F I <£ICTO ac®ppf& feercWhr \£&$ vffaTO ^RT^sr^s 
^TO TO TO I ^TOT“ Z! *K<[J* CST^PR CTT$ W /4 fe@FP$fhl 
tor to i fof a^aw ^Rsft'ter ®iraTpm ^to 
^Ms^s CTO% S|T3R WI^T *K*m Z TO *T51H TO I C^*ft?T 

*rasn*pr m$$ *RRT e fo* *rc*m Z TO-*rcaji ^4 3 m ^ ; 
^wm^s Z to to A/2 <n to« 3«r ^ i *rrt®i cto3* 
cto^t ^4 *rcare carfo toi ate, 4 ! sr^rom toi *ppro 
sprcafi© cro* to 1 

srawfo ^ TOR 'SRI a^ ^I^TO TO TO C3 C^*5CTO TOI 
/4 WR *RRTC* «ITTO^S caifa Sfipl (A-Z) W5PF 
feeRsfe'Q SfTC3* ; TO TOT CTO3^ Z feffflpWhl 4TO 
3TOR ^ITTO TO TO I C*K%% TO 

Caifa^TO TORI $SRT3 aiTOT TO, ^TOTC CTOOT OTS TO 
A 3KTO CariCR ^T5T^T?5 TO 1 

Carers* caTfa-fesre&T siTOTOT (Proton Electron 
Hypothesis) $tot s^ 5fTC$ 1 TOMa ^ *{te TO! 
CTO TO 01 WI*} 5|C*n ^CffPRtom *TS3 JR » 

CTOOT TOT s^TTOTO 10~ 12 OTfa 3rca*Fl to TO > 5 fe®RTO*fa 
sffa’TO'STTO (Uncertainty Principle) 5 5^rot a?TO 

TO! TO or CTO ^TO TOOTR ^frfTOTO TO TO am 

h 

Ap = o ~T ~ 1*0 X 10" 1 * SR-(7fa/OTOF<5 

^Isra toot *r*a^ »n^5 feerctera atefs?3 atem am 
20 fa-$-C©l TO 1 CTO C3* 5 5C3R TO! ^ &6 «[fe a^aS fe^tOR 
stfsm cro^a Iro^fJT aTTOi to ?n i c^wNm c^»5^ Tjts^ 
p-^f«iTO 0^15 at^fsr® »r^ to ^-c^i a'NmT'i 
TO^fi OTl TO I 33 TOTC a^TOl C^*SOT 5JC«fi TOTO ^^5 
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*f<T 5 U <2 'Q < 3 * 5 * afcr ate 

arts 3&\ sir m 5R i p-faite asra crow* *m 

$5T^"3 srj 35 ^ra (13'6 g'fai ) i 

«iRT?r c^tf«w ^5mo <?? ai 5T5 ct caifrr- 

$OT*fcT *T5^r ffo 5C 5 ® aTC5 ^ I Caifo W $PFrifr §<55 a^T5 
^frranft \4n c*tf*w (Spin Angular Momentum) sir 

1 h 

2 2tt ^ 1 CT55C * caT^r-fewtew ctt$ *rc*m (A + A-Z) 

(2^4 -Z) 5*351 i ^rfcf 5rc*(nf& cm® 55, s5T5X*i 
<? m> c^if^ s55E5a A/27T *rc5JTfi>5 *$ (Integral 

Multiple) SR ; SITS 5rwn© fatefT© 5t*T CSfTi* C^tf^ 
<55C5a /i/2tt 45 «f^l 9jfa$¥ (Half Intergral Multiple) 
5E5 i 

§*rT55*ia5«*i N 14 sntCTrc&rca* c^ra /4 = 14 45* Z = 7 55 i 
45 C5*5C5* Catf^ 45* tOT5fcT5 *mF& 14 45* 7 5*51 
§fa<® i sjsfr* 4 ^ aps* 551 a otS *f**m 21 5*51 

§f&v® i 4| C5tfa5* <55C5a 45 ft *i*fa*l 5*5i 

§fc\® I T^f af®aC*F tffai m C5 N 14 C55*gC^5 C5#T^ ^55C5*T 
I ~ 1 55 i 3®v°o a5l , ¥T5 5T5i c^ai 5T5 C5 c^sc’ra <55-5*an 
^4 5fa C®n\? 55, <5T5C*T 43 C5#f5* <55C59T 45*ft *ffi 5*511 55, <5JT5 
^4 5?g f^n^TTvS S5T5X<?[ C5#T5* <55E5a 45*!$ 3$*$ a**[Jl 55 i 
3^51* a5SIT^ C^S^ C5 5^55^^ CaT$5 45* $zm§3 5T51 9ffog 4§: 
nET^sjH ^5* 5£® aTC5 *71 l 

45Tv£l C^*SC^5 c&fa^ 5T5C^5 (Magnetic Moment) sjh 45* 
c**8CT5 c^js awrsfi a*5JT5JT (Statistics) ?5X5&sfl 5^5^* cgai 
5T5 C5 CaT^f-^®T^^ 5^51^ ft 5 ? 5I<® aTC5 *5 I 

16.10 : C&&&P3 ‘Stfo *wtfa v55f; C(2tt^-f^^^ 

^v55t*f 

C < P'gC^5 9f^ ^5^5 Cai^-5W<P^ 5lss5TDf5 
f^C^FTl 5 T‘t[ 5W1'6 ^llc®! a®T5 ^C?R C5 ^5 5TS5^S 

^OTI STC5I CaT^T 431 WaC?!^ wr W^r® 5C5 43 * 



a33T c l?33 s ^53 ?*t 43 j C3*5C3m cM 
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STTTO5T3 3^3333 ^ TO I TOT 3M3t3 ! TU&3 ^C^T^TT 

TO 5TTv5^3* C3*53* 3iaT33 TOHl 3*33T3 TO CTO CTO 

CTO C3**53* CTO* 43* 3333 ^TTO5fa 3fa3n fc[S^ 5C3 C^rC^T I 

4§ <p?W5(?5?r<T wi caifom to 3 am mro 53 i 4W3 to <?rG3i 
53 ‘Weft’ i msfi^xft^ <s$ ^rw^M't a3Hi3 3*fai (17 6) 
^Ct^W C f f'<3?n 5C3 I 

ro N ^C3*3 stt?3 c 3*TC33 aim W3^s§: fas^rfa*! st*[to tor c3 

a^T<5 C3*=53* 3*^3*5jfaT caifrr 43* f^c?m «r mlroca afSre 53 i 
Z aTO 6 !^ toti 43* ^ <»3-a*aJi a s aer C3**5t3*3 to Z a*ai3* 
*RT313* STOTTOSt Caifa 43* (A - Z) 3*313* <TOH5^3 ?3§&T TO*; 

C3*TO*3 TO! 3^TO 3*fa3*T5{fel3 C3T$ 3*311 43 ^3-3*333 
aro 53 \ c*K£ft caifrr 43 * WsR^fcm *53 a<r*ac33 am TOT 
5m 43* 4C3*3 tot^tTs 53 , : ®p£>43 ^53 43 ^»3-a*3im *{3 

3*T5T3*T?5 53 I 4§TO 3TJTTO3 a*3Il 5JCZT3 3JT3T1 3*31 3T3 i 
*a«£\sS 4^5TC3 *lf&\5 C3**5*F Z fe 5 T3*ftft3 43*3* a?3TO 33T3I3* «IT3H 
353 TO I 

% 

C3T$3-fa^3 5^31^3 aT5TC3J C3**5C3*3 C3*t?33* *53C35T, 
C&fa3* 5T33* (Magnetic Moment) 43* C3**53* 3^3* 3T3T 
^*333^ (Statistics) 3333 3*31 TO \ C3C51> C3* 5 5C3*3 
mC3] C3TI? ^4 a*3J3* Can^T 43* ?3^t3 3TC3*, 43* 4CT3 aC5J3*fi>3 

1 /j 

^3 C3stf33* <53C3**T (Spin Angular Momentum) ^ 53, 

3^53T* A a*33?$ C®?T© 5Ca C3*TO*3 C3T$ C3^ s»3C35T hj^Tt 43 
afi 5(^3* 43* f3C^Tv? 5Ca C3*t? c T3* ^3C33 h/2 tt 43 3T«f*$ ^fa\53* 
5C3 \ §5153333^ N 14 C3* i 5C3* C3T$ CSfafft ( CBTT? 3*313* ) CaTtR 

43* Wat3 ( TOt& CaT$3 'Q Wt3 ) mft \ *F©3TC i£13 C3T$ 
C3#f3* ®3C35T 3^311 5<331 I TO31 C3Ca?5 C3 

<£i^ 33m^ 5^3 arc^p i 

4TOT toTOTai C3 ?3^3 3^333^ CaT^T 31 ^T3^C33 W 
i£l3^ C3tf»T^ ^f«I3Fl (Fundamental Particle) I c3*5C3m 3C3I 
CaT$3 ^3<t ^C®T^C33 fiiaCH3 3FCa ?3^3 ^ 53, 3T 5 fT3C 5 FTC^3 
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aTOT^ * a&T a?353 

>T£I TO SIR TOT R I WipRl wT CaT$R3 
^3 *HTO C3*ft 53I ^ * Wtf& (R'EETO 3T§R ^ TO^TS 

3Ri (T5®ThF?r 53 , $toi (13*6) ^wsw §cwa toi scro \ 
TO5T3 43 spWWto (Half Life) 12'8 53 4ft% 

0‘782 fsj4t-c®i §W5 si jS-^Wi to ^ caT$R 

?uar?T?ro 53 i 

caTfa 43 s Wfcr^fro >iWe^ 3^3 tr Wafcra 

(Nucleon) $iT3n <?re?n 53 i s^pi atf^rs caTfa 

43 s W&r 4*$ cros^fa f^gshipra fea’3?a i a^ 

to 43 <&a, WhitS to ^3 TOR 5 fa 3ia » stfrc <rto 

TOTR3 aT«tei 4W3 to to ctr aT«fai r§ i 

CaT^-fa^Efa 3o3TI?r3 *fT5TC3J faWj - CSlto?I3 43tfTO 
'srfs* to®# 3nan to ^rra (11*3 *isppf b^i ) i csfe3 
3RT3W a^fo 53 to a^su^ crore 3 &ir caifrr *wm 

m\ i *fk caifrr *rcaii m$ 53 fo| *rcaii 53 , toto 

C5jfaeT3 3T3T3W affo TO?33?TO *ifTTOS 4ft A 43< 

♦rtotoW ^3 M 'ym sjft \ 4R3§ toi 5 $ ^n^Jir^Ta i 

16.11 - C35®#t3 3TO3 

aw §te ara C3 ctocto to caT^r 43* WdsT^fei a3*at33 

3TTO 3*33i w to*i 3t ? TO3i wrfsr caTfr^fa *Rr3R 

tottoS i 4W3 to $*13 srrefcT f33^«ft to tai to i 

TOT3 Wsfa9(fcr TOT^RCfa I ^TO* 4R3 faraW3 TO fTO ®?T^3 

( ^f<Ts ) CTrroa-.TO ton toss arra r i caifrr 

43* T*h\ 5 &w<i src 1 ^'® BfTst?r c^R^a to Wn arcrr »n • 
CTOTO TO Wsfa-can^ta w TO (Gravitation) 

'SrHi'Q t&Q aB *T1 I ^TTR C^*BC^?I '5T'oJ«W 
tfcft to WfTak s^R^S? TO?T sir ^ TO 53M s^STO (R*5CTO 
W *«toi ^JNi tort to aro cro^hi tort toto 
53 i Wate’iW toto aT?paW iprc ^ w «jt^ 

^ to tor*fN w aa?r 53 i taro arapaW ^ii3«jr 
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^^Tsn (Range) *rcw C3*ft ^c®t sir tiw 

^cwthr %£§ *m 1 stfrc g&srri caTfrrsjfera *&K] ^ 
^rol3 £W3 fcrsf ^wTsn (Short Range) * 1 *^ sn^it to 
ftren 3>t3 1 st^T'Q?n (H. Yukawa) jttsfp fassRl *rta«ro 
^Js>0(i ^TTC^T «£& 3C*13 a?fa 5JTO SfTfafts^ ^ 1 

ott* 3»rc^ ^jrcm^s I^T'ein 3®r ^nji c?«?ii s?i 1 

^§<£T<3*iTfl ^l»j[3T?ft WW&3 f'ss'aM ^[3 ^f 8 *! ^30^3 SJE3J 

^pr» 5 R wi (r < 2 x io~ 18 c*fftr) fafcgftR^fsi *f3**o<r sjpn 
4HK CST^RS <5373 siTTOTf^ <53 *P*f?T 4*F 33*13 3*^1 
simsT-OTTR (Exchange) 3*E3 ; 3T3 TOI fa§3*hH*[fa3 TOU 
3*73 tai 3*E3 i Serein 3 *r $T3 ^ 

33*Tf*r<o tor ns^ 4 $ 33*13 c3*h 3*? e i3*T3 «ifew?r 3*«n ®?ri 
? f*I ;fl » 43 faffed sic«n^ ( ^.laoq sntcT ) TOBiTOfo* 3?*fl3 

(Cosmic Rays) sic*Jl 4^373 43* 33*T3 3*? e f3n 53 1 

3<§sm?r 4^ cspr (Meson) *ttct *rf®fc<5 3*<n 53 1 

3£3 ( ^Ja8q >il(.ei ) 'SITE'S 43 s 33*T3 C5PR 'Sflf^^'o 53 1 I 4^ ?5'st3 
CH'fk <R?nR3 •TPT 5t^ tt-cs^R (Primary «nf*T OPR ) 1 

333 c»®fNr csprct 3*n 5 s ji-csph 1 

3\a3IW 35^75 313*11 TT-CSi^R^tff^ C^S^t?! 3t»l3 

mi ^T?ft 1 *RT3I3> 43\ 31*11313* 33*T3 <5331*1315^ 7T-C5R^ 

Cif^vc 3T«31 3T3 I ^ C^cfiq! 4£*f3 ^R^TC*^ 3^3511*1 43* 

®tT«rrpJ3 5fSTR I <5T5T'5>1 <5R3T^fa 7T°-CSPR0 37T?3^5 5CTO I M- 
43^ 7T-CSPRR3 43* 4UR( (20‘8—2010) 

t?f®lT<i'0'on^ ^ICsiTbRl ^^1 I 

^E»^T'G?TRl C<P i 5^<l ^R^R“ 

^tc«t 511*11 vrth'v ^1 ^T*M#r 7T-C5PH fafasrer *zz$ 1 

v£)^ 5TtC5I^T^?f SfOT^T?f «Rnn«i ^ nFlf<I^ SfRBfa STINI1 

®Fn 4 $ 2R5RT f^rsm-^Rl (Exchange Force) ^?n 

$$ \ ^w?n ^ sfira (2010) ^^Pf 1 

7T-C5|^W , »ilt<l'^IW^ ^ni?l §^T<3?n 'aR v£l^ \aC^^ '5RI C*7TW®T 

^7 I 

13 
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16 . 12 : 

cstos an sir^FiTctes «if8CT?r ^«n 

®fRl CTO i viiun sitffi sits “Fo^si 25 ®T*f s$r?ft (Stable) 
*>ll$Wlc5l*f I Sflft C'S^faFS sn^OTTCfra, ST<T CS*ifa ^T5 t£ 
§*nt?r cro* s»*fre?r *iT?n *si ss i 

aTffo* ^ cate «t*t <f?h sts; sm ca'fts 

^siTte *R*(n Z 50S5 C®rT?, foots Ca*ik W5 Z ^ fawr? I 
itmmsi cm$ Z 3t«to csrt^ftn *5ral ^terctes *rc*m 



far 16-10 

’Snft wi? cwas N 4w Z *sn c*wfar i 







aWTafo? SB Ufa ; 


195 


Z a 5 *^ catcaa ^ara ea*ft sa i crew era ^nft 
sntcarctaa avail sire ^ ai ^ sa i aw cstfta era ^rat 
siT^aTefreaa a*an ^ afo biri sra ; aai ^ir<afaaTsr (Z = 20) 
*f®i (Z = 30), feraeFtfaaR (Z = 40) a^to era *M>, 
catocsia (Z = 56) era ^jT^fsTaw (Z = 48) era saftS, 
toa (Z=50) era sf»rt& ^jiftr « 

(16*10) to fates e*taa ^rat sntcarcfra^tea era:? 
srato (N=A -Z) ?a§§a asan w (Z) eatfa w eaaf&s 
a*Ff*te i 4^ caafira era* c^ai ara ea ^rat ^feaie£ra?[tea 
era ea^sea* a\ssaa fa^Sa-ea^a a*ana ^arasa sir atafa 
sflra src*n saw arca* i s»a-a<aji /4 fasr sea fa^Sa 4a^ caT$a 
a<an anr aaR N/Z=l sa i ^ ^a-a^nra era 

fa^teaa a<an catoa a?aji sn;aan tef caat sa i z a*as 
cafa^to era N/Z sf^arefSa sir 1*6 faw sa • 

(1610) to fates eafoaa «u^pnc5ra^»r ^ «a^& 
(Vertical) caaia &aea sraf^s arca* i siaa aw <$*$ <»a-as*iji 
fcf fates aasuafaa* a^au a^as caw^s c*roto Z-sie^a 
a<ea 135° eanra faais asireara eaaiaapsa ^aea srato m® i 
$$ aaeaa a^n sa 4 wiSpaT^T?r* (Isobar) i aTaiaass 

fates ssa-aswa *a^ ai ra ^nft «n$eawra c^acs areai 
ara i A =96, 124, 130 $a* 136 ssa-a<ana era teaf& ra 
wt sifearara areai m i 

fates eakaa ^cairfragtec^ araraass sra ca*te wn 
ara ; ean^r a*an cstc?, fa&ia a*an c®ft^ (c^-e^); carSa 
a^an eere?, Ufctiu a<an to®rr^ ( csi^ton^); caT^a a^an 
fazw, Wto a<an c^ (froi^-csi^) ; caifa a<an fac®m?, 
fa^a a^an toT? (toT^-toT^) i su&aTefra as^ 
acai c^w-esfT^ ea c fh^s s e^a^ a^an a#aap jrk c*it$ a^aira 
sir^to'e caat sa i c^?*fac^T? *rk T-rceri^rCwrq? cspft^ 
e^se^a a*an am aa^aeaa aan ^a caii5 a^ana a^ai 
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333T*1 * 0^*53 3tor 


^T0*I3 I Ti^TC^m ^sr 0531 3T3 tofT^-tofT? CSf*^? ^rat 

CW i ytfTCw 5T«j3i 3331^*13 303! H 2 , Li 6 , B 10 43S 

N 14 , 3T3 5T3ft 4§ 051% ^T?ft 03*53 SIT05 I 

5{c*m^5 ^ z 3 * 3 ^ c3*53 , 5{to 303i 43 * oaifo 

3v3IT3 ^Tsl 0303 3%3T3 53 03 03*5033 5TC^I fa§§3-Wt3 43* 

caTfa-csTfa 'sn^Ht 3*i 33*3033 zsm SRH 53 i z ?\**m 

03 * 533^053 cto oaTi^jto 303J3T3 133^ 3«r c3*r 33*1 

503 'Gti I C3^5RI f3§§3 3*3J1 ^ICW^s 03*ft 50S& 

^503 03*53 33P$ 33 fa§3t?R?[fa 33*3033 3*0$t f0> 3*33i 503 5$r?ft 
03*5033 330'S 3103 I ?K3I3 W&3 43* 03TC>3 

®fT3C*l§ ^03 431$ 03*53 s 5T?ft 50'S 3T03 l 4053 5J03J 03 03R% 

3**m 33 <ji c3*ft 5o<?t 03*5033 *$rf?i3 ^ 53 i ?ifcf caifa *rc*m 

3[3?33to 0303 fa^3 3**1T1 3T3, ^50*1 ^ 03*53^ 

(1610) to rnto (Stability Line) 3 T 3 to ro?I 

313 I 4^33 . 03*5033 303! 43fi> ^\S8^ ^©TC3 CSfto 

?K*n3to 503 3T3 43* 03*53ff> 0" ?33fcr“fN 53 ; 3^31 ^183730*13 

30*1 03*g3?£ ^33-03373 frrC3 3f*pf5 53 l ^3330*3 C3R *5T3t 
03*5033 A r 3T%?\so 0303 3?5 Z 3Tv£R 373 'S75C*1 *£53 03*53fi> 
5 5rf?TSK3373 v5H ^503 50*1 373 I 4^313 03*53 C3T^3 3*3J73 
sn'toH ®Rj p + fa3frT*ffa 31 §0*I3§3 3U533 (Electron Captur¬ 
ing) 53 1 4^313 03*5033 43?S OST^T ?3§Efc3 33TS?3^ 53 43* 

03*53^ P + 3?331 $383^5 3-03 31 3^3 ^0«T3it*? 3(753*1 303 ^lf?T5- 
033T3 ?5C3 ^3^3 53 I 

4310'? ^0fel303T^TI 03 j5%3^0*i3 30®I 03*5033 Z i£l?pr »£133 
3^33T03 3^33^^® 53, A ^3f33*f3^ 3103 I j3-?33$3 v£13 

v93l§ 3rr|0*iT3T3 0331 303 3\3^^ 53 I *3^38 i£133 03R ^ *J13t 
'6H^W(3T3 3130^5 3T03 R 3T053 3031 Z «£I3 3I33R 313 43 433 
3f33T*l ^3 I 3T3«I ^033 31*^0313 5R1 4053 303! Sbb\s3 333T%3 
^o3 3*3^ ^nt03T3T3f& (3%3^R3 3T31 ^Rlfe 3i3rato 503 3703 1 
C3|®Fn 43T?33 %V$ ^03131033 C^FOS 333T%3 *K3JT3 3T3 y 3?33 
3?43J ^ 433 53, 331 A 40 (Z= 18) * Ca 40 (Z = 20) 1 
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^ETSlFfa^ S3 f^4?r ; C3*5C33 

16.13: C3*@#t3 

^3SIT^ C3*K33 ?3fs?T qSfaeft 3JT3J1 33CS 5S3 03*53% 3f«I31- 
tfm SIC«II fe3T«fal 30*13 a3?S *f&3STC3 fVOS 503 t ^ 
fafcflSGPI* TO fa3T*ffa 3U3$«ft 30*13 a?fo 7]TO SIT331 
SfTOfflTRl 303% ,1 30*13 aT3*lJ 4S C3*ft 43* 43 <t33?%l 

(Range) 4s 33 c3 4§; 30*13 3?&3 3T%?S3 jp Ufa 3531 3?fo 1 
l^3T<33i fafarar f303531 303 4§ 30*13 af ?s *ito va3pf& 

*lTfafS3 5p §gtf3S 3PC3FT I ?3f 4^ jp$ 03 43313 *[$3 ^ 03 
331 %Ks STC3 3*11 I 3fSS 43T?33 *1lfa?S3 *[033 3T5T03J 

to ftRn*i>r a33 43* ^re*fon *iT3$*ft 

30*13 a3T*f 331 3T3 I 4033 03 C3T3 43fi> *p3 &33 fsfo 
303 &§T?3S S^ 43* fafsST a3T3 *rahFl*Ri ( 331 Wsf3-0aT% ?30 1 3a, 
^SUfa) S3JT3*it3 TO ai3 43| 33033 3**1% 31 spf**tfs aT<331 3T3 I 

03*5033 TO 333 «IC33*(f*i ?3^33 4305 43$1 f 5 ^3 TO 
^5fT3^ 3T03, S33 ^1053 TO ftF3T*T>l 30*13 affs 3TO C3H 
5lTfa%3 S^ §gT?3\s 330S C^O*! C3 C3T3 ^ %^3%C33 3C3J3T3 
03*53% 3N3$«ft 30*33 *Il%fS3 affs ®?T31 a03T5R I ^35 §“3033 
'5TTC*lT5*Tr3 '5IT331 0503% 4 3TOi ' 5 H3TC p f3 C3H ^3^ 43* 3%3 
3T331 3T^ I ^33^3 33% §0*13Sto?[f*I3 3CSf ^3R1 330*1 3*1331 
05% C3 0*10313? (7303 3JT5nPf3 4§;3ia C3T3 ^331 ^ I 3133 
^CSR^Jl^te %0®r053 TO 43* §0*13§3 « 03*5033 TO %3T“1%T 
30*13 ( $*1$ 3*T ) af% 3fT331 3?&3 ST03 SrT% I ^S3T* 40TO 
7I%3 9fTfafS3 ^ ^iT?3S 331 ^S3 1 C3*5C33 C3C3 

'^fCoiltb'O $P$f33T3 J 5f33 C3 r ia3 3^% ^C33 333 3S3^®I 

f3P33 33C33 a^3Ca3 (Models) ^a3 fsfe 3C3 fcgfos 331 53 I 
<a^33 afs3iTO TO ‘S33 f3»? at®3fa*(Liquid Drop Model) 
«£W *C3T33 (Shell Model) f3W3SIC3 i 

16.14: S39f m *$$ 

4$ atS3ia SFJ3T?ft 3C3«6 3<3I3 CaT^T <3 3T31 

a33T®[ C3*53C3 S3«l fa*% ^3 3^ 3**R1 331 53 1 f3«?3 
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fssra ct cro (5^ ^ ?rc*ire to su^qt 

3TO aTO fa®T3 TO, SIR OTT3 TO®1 m& I TOfa afsi$ ^ 
TO3 *R® ^3 TORT TO^'fl aTO fa®T3 TO Jfll 
st3*$I3 TO31 to C3 ot ?p*rfsi (Saturation) sirs 
TO l 3?*f ^ TO^I OT $?fas SflerfOT <£TO 5?r f 

STTO swcsft CWCS To C3 a3*TC33 5IC5f WraT*ft®l ^5^ 
^rrcfa^ ^5t5f to i 3fcr afsft «r«j tot *rc ^33 ^csf 
T^ftrai to w *ic«a c^ N top, toot rt$ 

f^Bir»it5T TOif^ s{TO3 33 |iV(iV -1) « N*/2 

( V Af ^ 3K*n ) I ^S3TC TOf^ f^%*ITTO AT 8 

wnfihr TRi^aris^ 5^31 §?ss i stotof ?ik afsft ^ faW 

sffiro 3OTF ^ Tftffi Wffin TO, TOOT C5IT& T3fa3T*fk TO?^ 
*{TO3 w AT 43 7f^*n 4OTTOT (Linearly) a?33^*[>r 33, 43< 
OTCTOJ ?3*?3 ¥$fs*lfe« Af 43 TO ' *f3Hl 3T31 ^ 

C*IC3R? frf3TO3 3R«fa ^'G?n 5jT?r I 3«n CTO S35T fa»?OT 3Twfl^S 
<F 3 CS aC3T®Rk sTn*!^ srsfa effasm (Latent Heat) fagfta 
TOTO ^?[?«T3 CSIT$ WJT3 7jsiT^aT?TO 33 ; 4^ TO S3*T OT^fogS 

3 * 3 cs ct aftraro to *tfro ac 3 T®R 33, sir S 3 OT 3 c^cer to 

fa^i TO*ra acmsR s$ i 

CTOOT TO (Binding Energy) afasua OTOT <?r«n 
3T3 C3 di| c^®5OT3 tot 3&ir csitS Wgta 3^3 «i«fp 
^rsn^aifTO i to®i torti (167) top^w weak C3 
Wste afs c**B3fa to *ffer sir C3*ft3 to c^®5OT3 ctoi 
a13 TOR (8*5 fa-$-C51 ) I ST3T?1, C3C3^ C^*SC^3 3IPH^ 

R “ /4 s 33, ^S3R C^*fiC^3 'STRUT'S C^ r ac < P 3 ^sit?T CMTI^ Th^13»T 
5TOT3 Rsrrg^rrtvo^F 33 i ^ ^ s«a sot ?3«p »iw 

C^5C^3 ^T^»n ^CS TOl 3T3 I ^[S3 Tn ^aC33 ^CeUBTOf fst^SCS 
, oiN3l ^SU^T ^f3CS aif3 C3 C^ i 5C^3 ?SSC<I ^^^l‘3 ? I^t®T3 3C3J 
fzF3T*fk 3OT3^3 (Saturation) «nw i ^ ^R?ST3 

TOT C3 C^TR fj^Ft?R CT*BC*3 3C3T &$$] sftfe 

Wifl?RCT ®rT^®l 3?3CS aTC3 I 



*RRi*fa* «?r Ms; crows 
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§*(C3 '5nWT53T3 fofew TO^S*! 1 STOfclS 

affo wH3i*f tssTs r swo «nsi?n crosses to *fts% ^«it 

CTOWS s©3 5^i si^fosppp^nff (Empirically) 3^ 
^ s^sre *n?s i sft Z ^sTOfass toji 33 * A 

W^n 5*®W CTO CTOWS nSST'tfW S53 ^ M (^, Z) 33* 33 

to “fe 53 E B , sotto sBusrai Troira ^ftfs 

Af(^, Z) = ZM h + NM n - E b (16‘30) 

3*itw N=A-Z to c^^s 3rc*m i M H 33* M n to 

SSTErCT H 1 5 ®nfe=TO^IC' 9 1?l 33* fa^WS *f3TO?3^ s»3 I 

srosi OTwft? cs ssR-*ft* £ B cstt^ Ws^r wits i 

«r^w E b fa^ss* sqfens my a x A c®r«n csre 

*(TC3 ; 33TW o x to *a^& ifw i 

3*R CSC5s§ cTO3tf$ 33>fi> s©35f ?3*^ *Hj*f 3CrI TORI TO 53, 

ct^to s©s*i ?3*p «i*f?|t5RT sjs© c^5gc<p^ 

Msfiss^fas §‘ ! TC3 <f&tos (Surface Tension) 'spppi 33* 
srpts ssr tarcto to roRi to to i $$ MgfeRsjfai W3ST 

C^ro fcrWS 5T31 53, 3T$C33 fcfW 

C333 3HSM ^^3 i '®?Rl fa^fS Sis© C3 JS 53> i tfrs C^IT^IWS 

STOT3 STg 53 I sfa CTOIWS 3IPIT*J R 53, SoTTO 33 §*tf3TO3 
C^SW i? 2 33 3RigmM 53 I *f&$TCT3 TO CTOWS SSR *lft? 
fofft STS *f?3TO 33 ^itaR CTOTO3 SRFfltfsW 53 I 

CSC5S$ R°° A% t v5i\©33 Sff^s© 33R “if^S 3?t glC^TS 

TO a a A* S[S ; 33TR a 2 TO 33*1$ SF33* 1 

CTOSfa 33R *tf<? 5TOT3 ssn3 3#1 333*1 TO CSTfr^faS 
TO3*TS fTO fa<p4«ft 35T I CSC5S$ C3 c^R ^ ftrai 3S3Co 

aror, afss^ cst^ ^ cst^r3 jrct ^31 ^fc3 i crows 
TO C3T^ CaT^TO3 ^311 \Z{Z —1) = Z 2 /2 53 ; 3| >R® 
CaTfcHJTOS *t1^ Ms 3^3W Ct 31 313 C3 f®R Ts^t 3WS 

a«TC3 crows s^r *ife ^tots 3R 53 a e Z 2 /Ab ; ^3iw o 8 

335^ 353^ I 
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*RPlT*l <3 C?F5^ *tf353 

SJTS31 CS CTOOT SCSI M$3-Msfa 43^ CtfT^'T - 

CST$3 3C5T3 STR SSR 531 I (R8RT C3*5C¥3 SWJ M&T 43< CBT^T 
5RSJ1 *RR 5?GS1 §?F5 I CTO 43 TO 

c*ra¥3 to *fis* fofft to sts i 4§: giprcr sir Ms to 
Wfcwaifa srsjts *n*fcro i csts^ 4| *fT*foj ot 
N ~Z = A -2Z, ^\s43 ?TOTR gTPRi sir a^A-OZy/A 
SS ; 4TO a 4 4^f$ w? I 

*f?3CTO C1*5C13 SC3JTO M^SSSjfaS ^3 Cltfal ®TOPRT 
(Spin Angular Momentum) srt c**5CT3 313*fe flj&l 
STAS'S 531 I 43 TO TO *tf*?3 43*ft *PT 8 CSTS 3*3F© 

531 I 4to 3*n 53T (Pairing Energy) *F? I 4^ 

*Prf& S3T3I^ ( C®fT©-C®?r® C^*5C^3 CWUi ), W31 ( faC5iT?-f3OT5 
CTO ) 31 “[31 ( C^-MsjT'S 31 f3CSrTv?-C^T© CTO ) TO *fTC3 I 
^s3T“ *tf3CTO SJTS31 C3*5C¥3 313 *lfc? *[fc 

£5 = a,A - a 2 A* - a a Z"-/A l-a A ~^ Z) * + 8 

(16-31) 

(16'30) <3 (16'31) jpitan tw ct«sot sg *u«?n gig 

M(A,Z) = ZM H +NM n -a 3 A + a 2 A* + a 3 Z’/Ai 

+ aJ- A ~^ r>a -8 (16 32) 

(16*32) srsfasro C3W-^T^fJTTO '©3-^5 (Bethe Weis- 
zacker Mass Formula) sinji tfresi 331 ?3?©?T su^c^itcStc^r 
*fMsR> ®3 CTO 0 1( fl a , 0 8 43* a 4 .!P3^[f9Rr ST3 Ms 33T1 
STS I *1331^3^ TOS 4TO 4FrS SR 3^5 S 

a* = 0*01504 aw« ; o a = 0*014 aww ; 

0 

a 3 = 0*000627 oww ; a 4 = 0*0208 amu. (16*33) 

8 *f#3 SIR 

8 = 0*036/12 o«w * (16*34) 


(16*32) Mt^SCSS ST5JCSI 2fT$ C^TOfa ©3 43* 313 *ffa?3 3*TO 
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3T3i akfcre 43 * w afer 3wS *rcafo arcsi 
am i 

^3<3 faitf aksiEaa fRsm ^rctcRT^rcaa ^fm t 
(Nuclear Fission) gffk *rca$3 3JTan ^ai 313 i 

16.15 : ; RTlfif^ *JWI 

WR ?3E33 0^33:33 ^T^TC^TT C^^3 33 333 itfRsfk 31 

c^*53k sifsrfn 35[C53 anan a§3 53 ri i fa*? sfcaitaa 3T5TC3I 
< 53 , to ak 1 , Ttos?r af ?3 anan ^i 3T3 i snao 
sma c^^k aftasft ai afei 211 *£& akartaa 3T5it3j 
3JT3)1 331 3T3 31 1 C**ECT3 433 *$3^ 3tfk 3*31 ®?T^ 5fTC5 31 
3JT3I1 ^3T3 $?3J 3331^3 3t^TWRi iTO&ak CaT«TCa3 3^5 (^£33 
3C3T>0 ^o^jfsr C2ITtk * k^r C3M3 (Shell) ^TCf TO 3?331 
3^31 53 I 

sjTaai ank C3 aaaT^a af5*5 feare&3’(fa K, L, M, N,• ■■ 
affvs ^^[kf fafa*£ C3MC3 cat*F snavoR *ft3 I SfC^I^ 

crow kM asara* aiare arcs i 333 

43^ C3TO 3T31 *$ 5E3 3T3, ^33 TO 33i3 

a?^ ( ^33 afe ) a:3Tf& 53 i frfpft aircaa (Inert Gas) rear 
4^3f3 5C3 3TCT I C3ST3 C3T<33 *£( ^3T3 SfRf SOlTskk 3*311 

srcaan 4^ <R*rt 31 a*a aTTO to aft? 33 53 1 

kraals 43 ft caal Sroto 3*a^ 333 k (Alkali) aT$35£53 (331 
Li, Na, K,-*-^5irk?r) a*C3Tsft (Valence) |c*r^3 ^3 fa?a*T 
^TC3 Rm aTC^ I (5*4 g'dai ) 

C3*5$ 3spR 3^3 afc? kCTOl Cff31 3T3 C3 333 43^ 
C^TO 3WJ 2, 8, 20, 28, 50, 82 31 126 3*31^ CST$3 31 
k^3 3TOF ^33 C^53^ ?3TO ?p®TC3 3m 53 I «I*fl3 

4^33 C<f»W»3 R^TO C2TT&3 31 k§$C33 3^3 aft* SaRIRP R*3TT?[far 

^ra^i 43*f$ 33 31 caat 3^313 caik ^3331 k^3 3*=a^ c^ot 

3^TO cak3 31 f3^C33 TO afer ^pRT3 3T3^ C3at 53 I 48 
CaW a^33T3 53 C3 3k C3T3 ^3^3^?? C3 C<PT3 3<3I^ 
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CST^T f'TCjSk <^WW «IOT ^5T5X®T C^StTO TOJ <3^ CTOffi 
*£f ^ i aw toi ^ ‘sutfs^-5rc*nr (Magic 

Numbers) I 

CTOPTifo m\km (Quantum Mechanics) srgTOt W 
CTO csts sf'Qoft (Physical System), *r«n TOTO? 5 ^ ^CTO 5 ^ 
wit *n CTO^ sr'esft, 9i^k kTO^TO (Potential Well) 
toi TOk^o stot, ^r c«te sresft ^^kr ^ *rk? tout 
* rk?®C?f TO’TO TOra ms i csRTO TO“ §raTOH (Meyer and 
Jensen) CTOCTO TOJ 4t3fa *r^k TO^TTO (Rect¬ 
angular) kTO to*[ i viW'Q sjsjto 

to^t cro 5 ^ k&frr *i caTfasjkra sr<k TO*k cstk* toc^kto 
LOTTOS (Spin-Orbit Coupling) a^®rai fi ssk ^?r i 
^ sispncra toi CW ctopt ^ (Shell Theory) 

§©k® ^C<H 1 vslPRI ^5C$ST fefetfs ^JT?^TO^JT?{?TO 
5T^C®rt TOJ1 TO TO I TOI^l TO<3 TOTk*f CTO^k 
C^tk^ TOW*! ) i£& <5^3 TOOT TO?I '©TC^T *JNJ1 TO TO I « 
3TTO k®rf?To ^m^TTOl 3$TO STCfS km *ftTO I 

16.16: <^5®^ ^t*ft*«l *T*fa#t 

ctocto kfosr ti^T^fk toj crofts to, TO*fkr, ^t, sjpirf, 

SfTTO, &ftm TOOTT ( ), C5k^ TO*P, “lky®S, ^5Ilf*f kTO 

«j?FS*fl i ^ sot cro^fts to, TO*ik? w 3!TO *£k^ 

TO3# SITPITRl TO 5C8G5 I 

CTOTO SJPlk (1214) TOW 3fOTF?l TO 

$zm I TO31 CTOlk A TO-^^H ***& C^'SCTO ^JPTT«f R 
A* TO sraispnfo* l 

R = r 0 A* 

r 0 8R^t?I TO 5W5 TO T2X10" 13 <7ik I TOB&a ^W 9 ! 
(Scattering) *rcflw toot croTO ^OT*f akro tot to » 
^“fky TOf^ k^Sk^S tfjf CTO<f> CTO 5 kfo$ TO TO TOC*J 
kfo$ k$$TO kTO®l (Angular Distribution) c*K& 



a55T®rf5^ 'o?! f5*t5 ; CTOC^iiT 
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crow* 5iT5T*f ami m i C5t5^§ cro^fa WzRn 5®r c5**bct 5 
^ak^r c*m *{5 w ^ vfa fo5i to, vffciia asHrar *fin 

tef^o 5IRT*f *tT5T?TO\5S CT«HW?I a^ 5IT5T^ ^[CWl *&*\ C5*ft 

aT05i ^trt i caifa fcwa 51 a-kwa aster* stsio 

C55®5C5*5 5JPfTC*fc Sf*[5ia 5T5 ' p fT'Q?n 5T5 I 5^55/1 
( “no fer-i-csi a%) fesrefo c^ 5 ^ care 5*C5 
crores 5JT5k 5l<re ^sire ak5Ta 5>5T5 a^fo ^grfa's 5E5E5 i 

CW7P5 ^515 fafara 'SRI 5IF5,$$CT5 a-fare^a asrtera TO 
(1213) stes 5t5cs i 

«n*Rn Steeps toa 5*refc C5 <45\ caito &»5 s*m 
cro^hr te®R>$ws srs fcs?g relfa^ ^srea 

(Spin Angular Momentum) $iTC5 i *[t aTO 5>fa^T5 cral 

45 srr?r ^ — 5?i, c5an?T h anre-a*re i re*5re5 c^t?«t^ 
2 2tt 

s»5C5a 5£B§ C5T!> ^ retfa^ ®5WT 45* re*5re5 

TOk (Orbital) refct^ ^5WPRT (Resultant) *1515 i 
cto$ hj 27r 43 45re toT* reifa^ ^srea tr 555 *# *T*aii srai 
*£TJ 55, ^45 C5TS CTO^k retfa? *®5C5a *$ 51 «pf9£( 5*511 5C5, 
5fa fa^SPhR 5*511 ^ 55TOT csrr^ 51 kcSrTvS 55 l C5 55 Sre* 
C5T$ reftre ^5C55 (/) af55TCa5 5T5T?55 a^fto &gT?5^ 5ETC5, 551 
a55T5?5^ 5<Tcfk $ff\s*pr a&5 (Hyperfine Structure) Ms, 
aftMrsfa (Band Spectrum) C55T?[fa5 a^T52FC5 af55^5*fte 
€k^1 (Alternating Intensity) Ms, sn*lf5TOf*IT a^ifo 
(Molecular Beam Method) i 

^Ca4aW5 5^5 k^5 45* caT^55 ?5®F?[ C5tW-5T5re 

Magnetic Moment) $ITC5 i 4l?r5 5T5 5C^ 55TCFC5 

Up=2*793 |x iV 

t^n ~ 1 913 [Xy 

45HR n N =eh/4irM p c 5*5JTftre ‘cTO5k sjJTTOfa’ (Nuclear 
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Magneton) 3<?n 53 i ( feprotera G^GS OT?T «nTORfa ; 
5’4 3 ^* g^j) i ^^rrR M v njm ctnti&w ^ i \i N ^ sir 
cm 5TTT^n;RdcR?r 1836 <©n :m *sr m \ 

carfcra c%z$ sre feTf §G5RGfa ^ 2mm 

^S, 5RC5I m C5hflF-5TsPF IX P C**ERfa SflT^TCR^CR^ 3RR ^?I1 
1m \ faf Sf^^G^ 43 SIR c¥*5^k RJTRCR^T Wppi C3“tt 5R I 
SsRT^l 4^1$ 'R^R^fl'T I ^?TTC 4<T ^R<T TOl G^R 

2RTC3R ^ ^ ^11 3jf3RT\ *{fapc® <93 G&tW-ST 5 ^ 

*rW3 m*\ C^T^n 3T3 R l 

CST&R3 cshps-HlsiCT* (Anomalous) sir 

fa^SfoR CSfa^-SRC^R §*fTCS (RT§T*ft§^ C3T3H 

3TS I ^T'GOT ^e'ORl CSU^R ^o 9RP*fGft sjg*jj 

«RRFP 31 W5I^ «IT«IR 7T-CSIRR fafasffl 35C3 I G3Tfa ^fCIsS 
SRI 4^ «rrj<f 7T + CSIRR Uu%*\ 3G3 fa^lG^T 3i*fT5?<Fa 5R I 

w tt + c*i*Rft c^req to T^fg^ wi i $$$+1 

afaRTC 3T33T3 *pTCRjfe SG$ «fTC^ I ^icn 43^ fa^sR WSW 7T~ 

cspr brj faG^*f to GaT$R ?E*irefos ^ 43* prfS 

c*ircj <zz?s gf T g ^?r i c3G^ 435 ft cen^R ^r c^ gw 

BRUTS 7T + R5R frrcqwf 3RG'S 43* *f3TO G^lto G^TR*! 3RUS «fTC^, 
3J53TC SIR 3R1 RT?T G3 43^ft CSTT^T C*R *T3 3RG3 RG33 Rno GSRGJR 
W fT?n *f?3^s SITG^ I C3G3^ Tf-CR’TGRW 53 GST^ W1 
'5TR3 5 3R, i£isi GStW'BR^ Hit C^*H^t?T srir^iCHi^-i RG^f^ 3 ! RG^ G3“fi' 

$r l(i ff °c —J i R343 caTto G&fa^-SR 5 ? c^PBRshr snroRfa 

RG*W C3*rl ?3 I R*[3iG*f 43*ft '®T?f C*f^ G 1 ^^ 

CRISIS 7T" GSfSR ^s GWI ^RG^o «ITC^ I (RG^ 7T~ CSR^ 

v£l^§ ^uf^ls ^ G5l^-5TSi^ ^5TT*n ^R1 *TR I SJOT^ 

WtoW'Q W5RP susjr^rI ^ csti^-sTsi^ «nc^ i 

K 5TWi<f VIRRS f5C^ ^ C?r Cstw-HTSIG^R fa* 

fafcta ^ G# 6 !^ i ®iTRG'5R 5R I 
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ffipi spites 

i7.i: ffgpi c*m* w*it^ra; 3tffawtc&( *tftel 

stss ssjsts «nT*r yr esc 5 ? cm 1 , ^tsi £\3jifa s^fst 
? ss casts sr$cs* && casts spsR st^s ^pafsr® ssi sts 
st si si ®?rsts «sstfi ®tcsj ^nswi sTJj[css sics fa*i i ^mts 

SRI >5ICS S3[ Sfe 4^S>a SSS SC*T SJCS SSC3S I 

ssjyfts §§csrca smawfa stcs ^ asTs ss*s ?ss§r scs totter i 

«nWWWs*piS C^T^l a^fo ST^CS CSTSTS S?aRfs^ SSC$ *m 
SCSI RSt SSCSS I fa^ tos Rsts CSTS fasf si I 

S^sSTS *noT*fte5 ffoBrfaFS\51 $lTfs*STCSS aS SSS STRSCST& 
trffss fswfacss aCSSSl CSCS aSTfas SS CS C5$rfaFS CSfaPRjS 
^S^STCS ,®fSI CSte SiaR?S^ ^5SS faWTsferS SCS 
^MSfafajaCSS aTlfts 3*1 3ITSTS SrTSttea 3CS to I CS*5CSS 

a&s sro s^stcs a&frns stssi ^srat tosi aTfs cs «?<i 

3T5RCS fa§§S SI CaT$S S\SJTS afaS^S ste aTSC°r CS*5S SiaRS 
SSI S5S SS I Sf\sS sfa^catfs S<SJTS afaS^sS S$TS STS ^TSCoT 

assess *rcsn Z afssfis^ ss w ^s aro csfa cscs *rj 
asss csfo ai'QSi sts i siasac^ sfc cs*hcss ts^s s<sjts 
afss^s to §rc*i »ss$ esters 4S asrs sntotoTa cscs $rj 
asTS sntotora aresi sts i ctof sraRscss acs as cscs sv? 

'SISSTS CS’SCSS ^IJ S\Sfi a&s I *asfos CS*5CSS ^f^JSS cscs* 

csss spfasnesp ssre m*t ^s ssr atws as afssrc 
afap CS*5SCS SSSSTS SSffs 3CS I $$ *rf*F sfes CSCS SSSSTS 
ssrs sc*T csss crostor stass, ssi canfa; fa^s, ®sc$ss si 
a-#isi, cs*scss sesi ^aesa ssr acsT^s i csc^ fa^ts 

5T^ ^STTSI SfaST^fa SSTST^ ^JSR SSS SCS, 4*[far (W« 
*RTO ®riSKSS ITS! fsff S^T 1 ^sSK 4CSS ^S ^5 SI ^ 

^si cs® 5 css sesi aesa ssc^s arcs si i 



^55 §*5X5 £5*54 5f*lia5 
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TOT 5W5C54& to«f5 ffSBrtol *Wl«f f^S^s 
a-4?541 5J5SCT5 4X5 C4*54 5f*555 45 Xo 5^>5 55 I 45TX5 *oT5 
4§ *[*535415^ *f5>41 *1TO ^X^X*! ^TX*5551 451 5X4 I 

(171) to A ^ 44$ 45441 354T5, 51 tosr *5F4 5T51 *$ 
451 5T5 I S 5X^ 44$ a-4?«143 to5 e 14T5 < t XoSrtol §?5 



fw 17*1 

C4*H4 5;*ns3 fasfaro 5Ri 5m^JFTra^ *raHi 51451 ' 

( 551 RaC ) 44? P 44$ ZnS to Sftoo (Fluorescent) 
*PTl, 51 ^T5T5$5 444TX5 44$ *5o«TI (^t^fJ^ITo F 5T51 4fT^lTffo 
W 5FRMT5 to 41§X5 =5 TWo 5IC4 I Sftoo 5^T5 to ?*{5X5 
44$ M 5T41 5TC4, 5T5 TOC5I P *tfT5 §*(X5 §?*(S 

sftto &5455S (Scintillation) 451 515 1 Cos??J-tf*5 

§?X55 4145R 5?54s5 4X5 S 44? P *5 tT$ 5 5X4I4T5 ^55 5^55^5 
451 5T5 l 

55rT5X4TX§5 5X*5 W 6551455 55e5TtR4T5t F C5fal*5X\55 X44 
455 to C5 S §?5 C4X4 a-4f 6 T4T^<?T 5 B9 ^oTC5 *5<o$5 

5X4J CTlto (Absorbed) 5X5 5T5 I *5m$\ ^»T S 45? P 
2fto« *f!tT5 5X4J4T5 5^5 454T5 5*5*5 SJJTC55 fooX5 a-4fa4T*jto 
WTfol (Range) 5JX*T41 C5*ft 5T51 55 I $o5T? S C5X4 to^Jo 
a -4fei4T^o^ C4JTO5^ P *lfT5 §*(X5 ^T^ltoo 5X5 *ftf85 
554 §**5tf5 451 >TS5 to 51 I 4$ 415^15 A «5*55$X4 51§x£rXSR 
55X55 5T51 *$ 45X5 C*f51 5T5 C5 P *tfT5 §*1X5 5TX4 5TX4 *rtf$5 
554 §?*5T 55 I P *Pt1 C5X4 S §?X55 555 255 40 (Tffa 
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*m\ c \ <3 CTO3 3&T 


3Tfi5£3<3 4§3i*( 533 CTO5 *(1031 3T3 I 43 C3C3 3TffT3C3 5 T& 
TO3 C3 a-3fn33*{?®Rr 3T31 *K3TS 3T3 Hl§cte?3 *(33^3 
C3*53 C3£3 CTO 43 a3T3 *fM *T33l31 3**^ 3f«l31 Ui^S 53 ; 
4| 3f*t3T*(fai§: P *PtT 3 §*(C3 *ftf®3 533 fcwfPTC ®r3J ^T?ft I 
C5fa3 CTO3 3131 f3§>IS 3C3 3FfT3C3T6 331*1 3C33 C3 4§ 

3fa3T?[fcj caT$3 I 

4^5T C3 ^T<T3 331*5 3T§CSto5rC33 3^3 fcffas ^3H3I 
(Impurity) ^OT:Sf3 3JT3 C3C3 C3T^T 33 SI 3M3PF1& 

*RftTO 3T31 33T?3® 3C33 I 

ST?^3 fsf^CS CTO 3T3 C3 5TtC$K®R 3JTC33 331 ta 3?353*t 
3Tt<3 ^TOT^fas a-3fa3T?[fa 3<3TS 3T31 3^33 28 

C3?3 tfH *f33hlT3 C3T^3 fas^S 313 I ?3$ §*TC3 3?4s 33HT3 
fast's CaTI>3?[fcl3 3^T?33 *W3T31 3T'Q31 3T3 3T3 40 C3f3 I 
43 C3C3 3M3C3T& ?3TO 3C33 C3 533 *^3 ^afss 

a-3? e f3T3 TOTCS 3feta3 *T33T«(3 C3*H3 f33^S 53T3 
TOT ^8^5 53 i 3M3OT§ 43* 5JTS V ^3 (Rutherford and 
Chadwick) 43*13 31$dta5R 5T31 «TRTQ TOT?33 5T331 C3fa 
U$\ §*TC3R? *[3^3*1 3C33 43* C3>3®T 3T^*T *0 '®i < ^T>iC'S?H 5TS1 
STT3 33CTO CST^T ! TSTg^3C c l3 f3^“fa TO I 4§ 33 CTO§ 

a-3fa3T3 3*3TCS f?33 §TO3 C3*53 ?33t>C33 (Artificial 

Disintegration of Nuclei) TO31 313 i 3T3T3C3T6 

43* 5JT©,^3 ?3?S?T C3tC33 CTO fas^S C2fT$C33 Wfal *lt33T*f 
TO STTO *rf*? fa43 3C331 CTO C3T3 CTO CaTl>t33 

a-3fa3T3 aT3?33 *lfc? TOT33<3 C3*ft 53 I CST^l^ C3 C3H 
2T3T3 Wto*T 3 3*3TCS3 3T31 fa?3JS 53 31 §*TC3T^ S3J C3C3 
'SI ?3?*5S^Tt3 a3lf*lS 53 I 3T3*1 *rf*? 3*33*1 S^3T3t 
f«5fv5*5T^ 3*3TCS3 (Elastic Collisions) tot caTto 
*T?SF a-3 5 ?3^T3 aT3?3^ ^C*W1 3^3 53T3 TO I ^*fC3 

'®fTC«Tr%S *f3tTO CaT^t^f f33^T afff3T3 «FC^ 4^31*f ^fsfiTS* 
*T?^ ^1^3 313 I 




?5?r 17‘2 

c^ f 5^ <r v fp f 'sc^3 csr^^ ftse 

( c^atfasr c«w ^t*ft?CT*t^, 

S Radiations from Radioactive 

Substances aj^ C*1C^ 2frSJ ) 
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f'm §aic?r cto*p ?sam 

17-2 : SJtwrihl CWTO *tffaFl 

fari>w?r tot ^ ctofps a^fo feac^ bri fassRt 
smwd (P.M.S. Blackett) Wi ^«TO CTO-W 

(Wilson Cloud Chamber) 4HTO to *RTtan i 

fofa iTT^ctrc®?^ luroifl c^-tort s?c*o atomfa a-^faro 
BTOIW?r (Tracks) TOTOfof SIS*! TO?? I OT5T?I^ chp^to 
5WW ^?5jvs 20,000 TOTO%B *TS *TTOC3 *rfCT*F*l TO ^TO*$ 
situ snfiS fac*re *rac?r<T TOTOfar an, TO^fifo frppfa (17‘2) 
to a*??^ sms i 4$ fra cto 5 ^ ww to 

7R® a-^fwra BJpwft *m GW1 I 44^ TO a-^frlTO 

cto >nr»ic?rai awdS foffr *pr M& fro 

^C*RHT3 CTO 5 TO ^ ^f«lTO 5TOW 3&o CW1 TO I 

vflORT TOI 4?$ f^5 *F>1 ; <£$> Catos 5SW*W I TOft 

%S yr ; »flf& 3[tWf5 *{?FTO CTO C^*gC^3 BWW I 

STTOtf TO ^C?T=T CT CHPfaTO ST^«d *f»Wl ^ffa 5*l«m*{fa 
5R 5ITOC5I SRftj® ’TO 5 I «fl$ to^ ’rf&J 5 3JNJ1 ^F5TT?T TO 
STICTfc <5p^TO TO?? C*T ?TT^cteff? CTOC^S WT TOira* TOl 
a-?W *p*$ ^ w ^ (caTfa ) <3 

^ cto^ 5 §«:afT ??r i *ktoi »gr ^toI a^pfaro aww 

w ^pf'm o crocks sww fTS *s& tosc®i «itto to i 
TO«n toi ot cro ^ ^TO aww .^T?n fa*fT??n© *&&&$ 
^5Rf ftrC^T ^STO^t 3j*TO1 ?IS4 ??' I fasifa 

atons 5 to?ti fjTsrf^na toi ^c#*ns *p<rre aT?<r s 

7 N 14 + a He 4 —► 9 F 18 *—^O 17 + J-I 1 (171) 

SJ’tfTC CTO^PlS 5G5 «J^CS?t?RI O 17 ^CTTC&a I 

£ 1 TOT ^GftTOTPTJ C*T 3W3W»T& •TT^C^TC^?? C^EPP W^t?T 
asWisr a?i ^rj»? c^f a-^fwTS ^ HiRC^fC'SfHi c^^s^p 

C*ldW ^.Rl i£1^1$ CST^T 'Q O 17 ^*0^ ^C?T ; ?TI 

^ iflft C^'B 5 ? CTO 5 CaT^TO TO I 

srfa c*im& «i^*iw fe^p ^oT^CffT ^ic^< aw a-^frolfrQ 
Wv© ^ «(TTO W C^*B^ TO C 13 a^T<5?T CTW l 


14 



210 *rwi*i o <3*53 ^ afara 

<acro fastora aca 3fa3T3 ^ sea i 4C3ter 

*ITafo^ a-3?«I3T3 43S 3f$ 3f«I31 fefta ( CSfT^, C 13 C3*53 43S 
fas^ 0l-3fa3T3 ) >13 43 JR^OT ^T'G TO *1113 I 4^ 

^KS3 *KPI ?mwc^ §aC3RF aaHlffRi WJ3 aT<331 

3T3 R 1 ^53R 3TTC30>3 GR-a^F ^RlHl C«IC3 OTTf«T5 S3 C3 

aTOaOTItfo 2W*f R-pR^ ?&3 f$*r | v£}§ *f3*fa»l WIFF ^T3'Q tfPH 

ST3 C3 C3R ^1JTC 3 13 3WJ 3*C33 (?tf£fsn>T3 *fM a«T $ffts5R 333T3 
*RE3 43$ CX-3fa31 3^3 C3R WJ C3 i 5C3a *OT *K3T$ 9ITOT3 
TOISJvsl (Probability) ^ 33 S3,—3T3 afo a<BT*T 3SCS 
433T3 31 '5TRf'Q 33 I 43 WC3 a331^ C3*5£33 ^13^R3 f SFal 
*Pa?3Sa 3M3WTC63 3^3R ( 12'11 ^sp^tf 5$3J ) 33?3^ S3 1 

3JTC3JC$3 a3l^T3 *F«IPF9I C3C3 ^ *133^1 *p\ £3*03*13 

f3%31 a E *f s f^ «1T3'0 3RT3a ^811 facSW 3C3 ZMF5 faR3T3 
?35§R S 1 srtspi C3T3 (Niels Bohr) RS[3R 3E33 C3 C3*53 ^3^313 
?Rt3 ^af^vs 3fa3T$ «frf(f £3*53 3T31 C*1T?W SC3 43$ *F«l*5TSt 
cafa-C33!3 (Compound Nucleus) a$3 3£3 1 (SPSS's RSRT3 

4^ C3fa-C3*a3$ ara 10" 16 CTC 3 JV 0 aC3 ?33$^ S3 3T3 TOI 
43$ C355313 3? c (31 frlS^ S3 43< 43*1$ 5I3W £3*53 aC^ 3TC3 I 
3M3C33ES3 a3t^T3 4^ ^TC3 C3fa-£3 S 53$ F lft * fssjl 
(17*1) 5Rt33CT 4^ £afal-£3*03$3 §aafa 43$ 3313^1 3Ta 
(Intermediate Step) fsarca waR scare i 43 arca ^T33i 
?5^ ST31 43 fefervs 3*3^1 SC3CSI (1719) ^O^Pf 

C3TC33 C3l'a - C3 5 53 ? 3^3T? a^re '51T3'0 fcsnfa'o ^IdciTlRl 331 SC3 I 

17*3 : ^{Ir IWtCT CTBRWtlTOIl Wa «lCTlWJ *ISWl 
^3«5t3^t 

3PT 331 3T3 C3 Z a3siT e it33^ JfWl (Atomic Number) 43^ 
A ®3-*i<an (Mass Number) yi'asf X a33i«53 C3»g^ 

31 ^^3a C3-R 3f e 13T3 3131 a<31^ aia S3 I X ^T31 
4| ®ua^o'® 31 at^a '(Projectile) 3?«i3lfi>3 aaawfa? wn 43^ 
^53-wn asiffw z 43< o 33i 3T3* i «nafe^ 3?a3T3 a^ca totpo3 
TOl C3»&3^ f33^ S3 43< ^13 1R»1 43^ C3*B3>Ta 3^31 y ( 3«ll 



ffasi frror ctof 
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CSTfo, ) fas^xs srafa*d CTW 

(Residual Nucleus) ^ ^?n law* *rasn*fa* *k*ih 
s' 'Q Z' w ^iww «' <3 / 4 ' if?n *iff i <3**5$- 

<sare<T ata $imi jrafosro t iT<n toes arts s 

*X^ + 2 x a -*^Y^ + ,.y a ' (17’2) 

>rccwf fanfafare few Utf*\ ^?n ^ s 

to) jtY^ 

ferissragarc sreraPFife snfa^Ns mv cf^'te <*am 
starch fasitaw 171) ^T5T<n forcre aits s 

7 N 14 (a,/>) a 0 17 

4W a w p mwm snafoo a-*f*m ifw fas3fs caifo faofa 
to i 

ffe few c=^5^ ?K*fITO<7 CTO aCTTSFJ W^faxs TO’ 3 **! 

(Conservation Law) gfi> ?<c*ra s 

(<F) < 5 ?-*K«lTl *RWl s C^*5^ <S*1TO TO S5«ITOT siTfr 
flPBCT* i£W afa$ ( TO?^5 ) ^?«TTO OTT$ caTfcr-fafefifa 

*wm ?&aTTO<f to sraferefts® i toji 

firs^xs ^f«TTO c^*5c^?r to^sps csrr§ caifrr-fafeto 

toiri jwh ?$ i ^airos nri csnS carfcr-fafcsto ^Km (17'2) 
’Pitarew ^Tsr ct*b* ^ ®*-TOjrcr i srasTOF 

<saTTO<i to cttS carfcT-fafefcr toji fea? sprfrTOsr ©r^ot 
c^s^ '©a-TOira *raWhr jwh i $<j-toji jwppi *$ 

/4 + a — A! + o! (17’3) 

fen*ro*i*f amcrafo snWirarc wwtafcr astro farfore 

N 14 «w a-sfaTO (He 4 ) airS caTfcT-fa§£cR3 w (14+4) 
$i«fa 18 5 ? i tatercr to cto^? ^ <«w* ®3 -toji w»i% 
can^r (H 1 ) Ufa %$, *rww wih^ cs^fifa m 

vmm 3 to® c^s^ i*w faf*?^5 csrn> caTEfcT-fafefer ^aii'Q 



212 *mi c ,[ <b cro? afca 

/ 

18 5 a i ca^erni (171) aataaw arafa^ crow* '®a-aw 17 
aai sms i 

0*0 *faaWfaaf-ao*trl jrwi s cawaararawswRit 
'Snfff c^*b^ w ata atare (Projectile) can* cst^t aw 
5iW ^HKT srafaata efTC^ I ^ aw ar*fTSCaa spca ^ 
srafa^ ca 5 ^ fas^ ataa car$ carfcr awra aan 5 a « 
cacs^ ca*5a aaps carr^iT awi sz^ aaarafaa awa aan, ®rsiaa 

jr?pw ?p sj^aTat ®rraai faare arfa (aalaaa 17*2 g'Sai) s 

Z + ^ = Z' + y (17*4) 

^rrsaagaia am?rcaac6a ^ctn:®R araisa aatar 

araracaa N 14 $a< a-ataa *faaTa?aas j^na aaW (7 + 2) 
9 5 s 1 ms^ afaracaa nca fas^s caifcaa a^snafw aw 
sm 1, zrM c^a^a aaaTafaas aw 8 sea 1 (171) 
aafoaca $iafaa> c^*5^to caeraj O 17 c<aai 5 tro 1 

(17'3) «na* (17*4) aataa wzv caian m ca aiaTsa 
^ caT$ fa^Sa aw<3 ^rafaata arc^ 1 

§aca a?^ asaa*i *p ^ csw ar<maa cro af?? ^as 
«am asa^a acaraj 1 

17*4. n*tm *iw *ffe a^«i; Q-a^an 

ctof a»amaa c^ca at?? aww *p a xm aarcs cata 
^a'Sfeaa ®a-af?? aavsi *p (Mass Energy Equivalence) 
aiasja a*ai ataisra 1 a ai (3 faaikaa era faafca at?? 

tar arca snaai $ aro sacaT&ai atafe 1 aataa (17*2) aiai 
faorfa^ ca^a araraata TOa aaa ca*safa-fatai (Nuclear 
Reaction) anan weai 5 a 1 ca*sak fatal aataacaa am <aa< 
©h faaa catf at??, fatam ^*a a^aaiat afaai^faa 
ta-af^ (Rest Energy) <aas afsata aatd aa*asaa 
aan 5«ai acaTSra 1 (17*2) aataapi fata ca*sa w 
afaaT^faa aaarafaa ^a afa M x , M a , M T M y 
5 a, in^ta ^ ^a^fana c 2 arai aaca i^cga sc^iaf&a 
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“ifa? 575 I 5TT5T5«res C¥ if 55k fatal *K5frT¥Ti:5| - 

afai?$ x-¥fa¥Tfi> E x sftak? ?r5¥TC5 ta sR’sra 
X C¥ 5 5C¥5 §a5 *nata 55 (E x = 0)» c¥* 5 $fa fatal* 5 ^ 
3^ #P$ C¥*5C¥5 35< fasfo ¥fa¥T5 •nfoak? 5k *ww& E y 
E y 55, ^1551 fWo *ITfa 

M x c* + M X C 2 + E x = M r c 2 + A/ V c 2 + Ey + E v (17*5) 

4*fiCTfenwPH*f] C5 5ta c¥ 5 5¥k fafa5T5 c^ra swTBn s»5-*ik? 
>p C¥ f 5¥fa ^ 5J55T5 ¥5T5 ¥5i, (17*5) f¥f 

*^f^rsrr c t?^^ v»5 5J55T5 ¥51 5C5re i 45 ¥15*1 C5 && 5sft¥5CT* 

^ Tgt¥ csm5 &arestffa ^5 *t?p»raCT 5Tta ¥C5 i 

C¥*g¥fa ?5taT5 55C5 faf af55T«l *lkF 55, 51 55 faf 
afa 1 ctes 55 i my osrifa fafa5TC¥ fatarTsV (Exoergic) 
fatal 45S fasfa cate fatasrct’ (Endoergic) fatal ^T5n 
Cff'Qfn 5T5 I C¥*S¥‘fa fafa5T5 55C5 C5T$ ( 51 C“TTfa5 ) *tfa?C¥ 

fcs 

Q 5T51 Wf“Tvo ¥51 55 I 4C¥ ^T551 Q-WJ1 5^5 *(T?5 I *R®1 
'5^5T5't ^T551 tafl© nrfa 

Q=E 7 + Ey-E x (17*6) 

(17*6) *rifa5CT (Ey + E„) 5CB5 fataT5 TOT 3*6 Y 45* y C¥*5¥ 

ffifa C5T$ *rtafe, 'Sfssfa fatalT5 *TC5 *lk? ; E x 5WE 

fatal 3*kfaT5t stf¥$ x ¥fa¥T5 ^tafa 1 , fataT5 

3T555T5 ¥51 “fk? 1 

2 5k 55T5I¥ 55, ®T5C«7 fatalT5 ¥C=7 faf afasTT*! *fk? 

55 I ^T5 Q 5k ¥ c tT5T¥ 55, ®T5C*I fatal ¥5T5 SRI faf 

*fk? 7f555T5 ¥5T5 aC5T®R 55 I 

(17*5) ^TsftaFI 5fa fata 5TT*f?(ta¥ *f55T«tfa¥ ^C55 4¥t¥ 
tata ¥51 5T5, c 2 ^51 5151 5T5, ®T5W (17’6) ^fa* 6 ! 

c«rc¥ ^i55i ail 

Q = M x + M x -M y - M y (17-7) 

s*1«$®8 ^5TC5 Q ai'Q51 5TC5 a55T5?5¥ ^C55 ^¥C¥ (amw) I ^C¥ 
931*2 te ^ 5TO1 2-5s5n5 5T5 ^¥C¥ aT<351 5T5 I 
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*f33T«[ « <3*5? *rf353 


3ft X, Y, x, y < 3 s*g^feT?T 33i3-“lft? (Binding Energy) 
53 B x , B y , B x , B v , 3T5C*t ^rr*rai ftr^re mft 

M x = ZM n + A T M n - B x , M y = Z'M U + N'M n - B T 

M x = zM n + nM n - B x , M v = s'Af * + n'M» - B v 

^1343 (17*7) srsflwi mG3i 3T3 

Q = ZM H +NM n — B x 4- zM H +nM n — B x 
- Z'Mjj - N'M n + B y - s’M n - riM n + B v 

C3C51> Z + s = Z' + c' 43* N + n = N' + n, 3Fs43 snsi31 

ml 

Q=B T + B y -B x -B x (1 Tla) 

(17‘7) C3W avotasiM 53 C3 C**B3fa f 3^313 ^**1 

S53^T<ft X 43* x wft c**S3* ^3 *f33T«ifa3* 3C33 
(M x + M x ) 3ft 3^ Y 43* y C3**53* ^3 a^T 6 !^ 3E33 
(M r + M w ) C^*ft 53, 3T5C*I S > o 53, 43* ftfo3T3 TOI 

?¥f «lfe §g3 53 1 4| 3343 f3fa?n “ift?-^ 

(Exoergic) 53 1 4CTO aT3ft3* ^ 3 - 33 ^ 43 * 533 33-33faj3 
3T333713 WlftsiM 33 ?3fo3T3 34£T “tfe3 3tm3?33 53 43* 4| 
“ill? ^g3 53 I 

s 

srmrwF (M x + M x ) 3ft (M r +MJ srcm^i 33 53, 3T5i?4 
«KS3S 4| 3! \s3-33K3 3J33TCT3 33‘3?33T ff I “ift? fatal 
3333T5 31 3*3C3 3T3^ WSF31 31>C3 m3 31 I 4| “ife 31313332 
x 3^*133^3 *1?3“tft? C3C3* W31 3T3 I 5 ta3S 
Q < 0 53, 43* aftFS ^ c I3 3 T3 ^H33 *tf3“ffa? (E x ) min 
( - Q) 3*3lrf&3 33T3 5*331 201^3 I Of ! 3W (E x ) min 3*3#3 
3T3 I Q I srcwi ftf C3“ft 5*331 aC3T®Hf I 3333 C3C5^g ^“^33 
3*1*1343 f<?| af33T3 33C34 m$, $1343 33C33 3*3^ JgF ^^3T3t 
v5fT?ff33 3*fa34 Cmta 53T3 m3 C3 SFf^T3t C3fcK3**S3* (C) 
3%3 53, 3T3 33W4 p 0 ^Ta?33 3Jf c I3n'3 33C33 p x 43 33T3 53 I 
25331 * (Endoergic) f3feT3 <^C5 «naf33 ^*1333 



iffZR ^*fTC?F 
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*!?*? E x m c*r fcfen TOfo ^r^si *rfg« | QI to?tr: to ^ 
^r?r, ysa fo$ w *nto $?r CTfa-c**ac*a ‘srtofe tosts 
ersil I siTato *pfaTO ^TOTSF =1^5*1 *lfe* ^ ‘jjpn -rfo’ 
(Threshold Energy) I vsm w *fa? tow ww 
CcT*TI ^T?T 

M x v x = MqVc, %M x v x = — Q-\-\M g Vq 

swsf jpJtaro cto> 7^0 = M x vJM 0 *tT'Q?n *r% i ^s?rc\ t^si?r 

CTO^ STTOIl ai^ 

JMA^-S + iM^I* ' 

= -q+im a -.| 

stfre W x v x \ 1 - MJM c ) = - Q 

*n3v£R ami 5XT?T 

E lh =W x v x 2 = - Y-UJuT ~ M r -M\ 

M c -M x = M x , 5T&ITC SJR<J1 ai$ 

E lh = - Q-— A y^ ? = -0 (1 + M,/M x ) (17-8) 

. 5 T 

aatro toi Eth atoa to (17*8) TOfaRwa 

TfT^TC^i Q fa^?r to 3[?r i 

17‘5 : *tf**rT*t 

^?«ITO (E w ) afasiTa TO c^*5^k 

fatara cto Q Ms sri ss • 

(17’8) to X J (.rj)Y^' ^ croft* tutors wr awH 
W«Br TO^T*(to afoaa 2Tt?*To TOCS I afo$ x-^faTO 
arcar¥ y Y crop ^ 0 «£ c^tct fasss i 

CTO 5R?*R> C^*5^ Y SRJ (R5*g?F?fa ( faSJfs ^faTO ) 

^RT?f cs*!t ^ ss i cro^n 4<r afawa *tfap (Recoil 
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*I3STT®1 « <3*5^ ^ - 


Energy) i nfc p x = V2MJZ~ p y = */<2>M v E y dm 

/> r = V%M y E y *WTTO x,y ^ Y ^ ^TO*t 

Tsrc^*r to, *jff cto* susrai *r£ s 



c**ew <r;*(Psra sr”*i sfwntf ^fa^pre;;^ s5?«m ^ 

*r«W«I ?53 I 

X ^fcfTO fllfvo^W?! 3rf®S[W 

V2M~E~ X = VZMyEy cos 0 + V2Af^E r cos <£ (17'9) 

x ^faTO *if\5*tw?r 

0= </mjE v sin 0- V2 M y E y sill <£ (1710) 

<xisrei ■foy-srcwi 3^j c«fc^ (17'6) *ire?n cw& s 

Q = E Y +E V -E X (17*6') 

(17‘9) v«w (1710) TOTwracra to cto 

«rr?r 

2M Y E Y = 2Af a J5 (B + 2MyE v - 4 VM x M v E x E v cos 0 
El = £i E - + fe E »- cos e (1711) 

(17'6') tan (1711) >nftv?n «w atrsrai »n$ 



- if~ ^M x M t E x E, cos fl (1712) 
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(1712) *flfo3OT *IT5TC3T faW fo+ fast's y-+fa+T3 
*lf33T*l TO Q +31 3T3 I 

3ft y 35ft+rf£ x 43 $lft*lC33 ^Sff«5[CSf fas^ 53, voTOT 
0 = 7r/2 43? COS 0 = 0 53; 4FTO (1712) 331+3*1 OT 
‘^T'831 3T3 

0 = £,(1 + My/My) - EJL 1 - MJMy) 

W®ag- f3f?F3T3 cto srocenfcvo *i5iftc^ 0-4 3 

3TC33 3?C*1 (17*7) 331+3*1 CTO 5 3T$ Q ^331 +3C*1 5T5T 
3??lfo*fT*331 3T3I 43 CTO ^T^T^r^3 ^3-*l?SF 33^1 (Mass 
Energy Equivalence) ^33 3'oisl <jp>«TC3 aft? 1 #® 53 I 

^153*1331*1 N 14 (a, p) O 17 ftfa3T3 CTO fas^vs C£(T^:33 
*l?33T*t +C3 0-43 3H *3*331 3T3 

Q = -1*26 ?3-§-tf»i 

3**13*!?+ (17*7) 33l+3t*l ^S3 ^I^‘h e l 5T31 *l?3ftre W«^ 
*t33T33 m 3?3C3 +1T331 4CTO Q ft43 +?3C\s *1T?3 8 

0 = M(N 1 *) + M(He‘)-M(O 17 )-M(H 1 ) 

= 14*007520 + 4*003874 -17*004534 -1*008145 
= 18*011394-18*012679 
= —0*001285 amn 
= -1*19 fa-^-c^l 

§*1C3 2FFB Q-3?*IJT3 3TC33 TOI C3TST§fi>«TC3 3?*lfo 

*1T'Q31 3T3 I 

3 ft Q *lf331*1 +31 3T3 43? ?3fs r 3I3 ® 1 W a5 e l+T3*t fv53ft 
C+*5C+3 ^3 ^T31 3TC+ ^T5^ 5'g«fl&3 ^3 W3 +31 333 I ^ 
C+*5+ C$®?faF3 5C5T 4^ *13lftre 53 ft<3 +31 ftc*13 *[?33TSR+ I 

-17*6 : f+^Jr 5 * +TTf3^t3 

ffgsr §*1TC3 C+*5+ f33^r ®fTf3 6 ^o 5<33T3 TO 3M3C+T$ 43? 
$T3 35+sff 6TF5,^+ ^T^dfaSR 5T\?1 3T3T+*15M3H *1331*(3 
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aTSIRJ ^T, i£ITO *[£$ te*f 

*31 SCTO 1 4^TC ^<fh»H ^T9T CTO aftFSHRT TOS 

3T31 C3T^T f^rs^s 5:c^ CTWT I - ?*$ Rfafa?IR (Z = 4) Rfa ta 
^aa asHi *3R ?rr cot^ fasascra c*r faw areai 

m ai i 

^^00 arc*! RTW «w C3*T3 (Bothe and Becker) RSf* 
SfT^R fasoR'ta si^Fl *C?R R Be 9 c*»5C*3 &aR a-*fa*l 3**1 
*3C®T caT$R3 a?<Rtfs 4* aTO ^ cwsi (Penetrability) 
5f*a^ fafasa fawjvg 53 i- 3 t<n sispR *c?R ca Ytfwi 
af^ac* Y-^ai i cafafaraR $t®i rt<r (Z = 5) cac*e s^aa 
^5 C«TO 5f*aJT faf*3«l fciS^ 33T3 aT<Rl 3T3 I v£}^; 

faf<5?? a*rTC«fa siwi caite ^ ^i afasna ^r rtr 
*sw ca*ra ^ «fty ara 7 fa-^-c®i an i r c*r aTffo* 
reefer a^rsf farf® Y-<tfar ^ca^i fafarcro af^ to* 
OTt ss i 

^3 ara *&©* aic^f aaire fasrt am ^<fk *an *i$?frT 
f<fks?Tfa'Q i*W ^Tsfl «rojra* OTT?»T'® (Irene Curie-Joliot 
and Frederic Joliot) w I *KR R ^ W*3*l ST^CSflceR 
t^tss a^tTa (aai aiRTta csitst ^u?ff) cac* frsafe caT$a 

f^S^vs *3tfa aTR I 'tRl ^R'Q pf^I *RR C^T «£& f3?*3«l C5fa* 

c*ff *T3i fa§r^ $$ h \ i ^s<ttc c*r *fa*m 

?tfar aTR ai i 43 3T3i fas^ canfoR a?^ afaaia *r 

<$3* ?af*3«i YRfar ^r *r ^ri ^?t a?^ Ms 

*BR I 

$rci ^r *Ra r faMa an^fNpjr rtr^ feara ^Tat^s 
w§st f^c^ca^ ^^a a1?RT?r ^ri carter frrs^ i 
afro® caT^r cac^ £ 0 af^y a*=a^ Y-^far^ ^*a^r f^c^a 
faR5R f*rw afef^a (Recoil) caT^R^ af^? aT'Q^i 

aT^ (14’5 asftw s'foi) s 

E, = QE 0 '/M,c 8 
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M v caTfrro to \ vn^iTCsr toi zests ct 
E 0 <M p c*/2 i 

5^5S afofo$ CaT&TO “fts 8 E n 5?R1 TOS*T §aCTO 

TfsftTOm Ttizm Y-C*FTfcTO H 0 Ws TOI TO I 

c^Tfa'Q *r* w ffe fas 3 ? 5 ® carftTO *w*itai (Range) *faro to 
OT3T "ife Ufa $£<R E v = 4'7 fa-£-C«l ( aTS ) I CTO<? CaifcTO 
?TO-*^ (Rest Energy) M„c 2 ^938 fa-$-tf®l ZS, Us^ 

fafrora ^To?n TO 

£ 0 = VH^f/72 = 47 M-051 

TOTO EJT^tCTO 4$ *BlHl CT£$ TO CS &e& CTOT®1 
3P»W Wto® 1 RltteR Plfa C«fS$ 5nfetafTO C$*5$ TO I 
snfeSrceR *fe afasna $ra Ton a®ra a^fotfs 
•JT«t^ TO 3 j 3F fafTOiTO “if*? 3TO)TO3 $31 TO I 
Wfe *1^3 TO SB 

H () = 95 fa-§-c«n 

§at33 3JWR1 CTO Ctf^n TO C3 C3TC9f 43? C3$T3 3*?$ C*1FW- 
a3 < faro toi a?3fav5 mem fafo3CT3 ^ 43? cenfaw 
*r*afo $^$ caifcr afos^a vrHto toi Whs "foRTTOi c$h 

aTTOl TO !fl I ^ ^ TO, Caifa afoc$a 43? :fl$ahCBR 

< 3 * 5 $ afsr$a a3>$T3 toi sot*iw frofc afer tow c$r 

aTTOl TO R 1 nsTST^I 4§ fafTOTO* 3W 

3^to tos*t TO-*fa? toYto 6 ! cto« 43 afe toi to i 4$ 

5T3TO3 fefere a-$fa$l 43? Be 9 C$*5CTO TOI fafZFTO TOtTO«1 
TfRt^vs TO3 CTO1 TO S 

*Be° + a He 4 — »C 13 * b C 13 + y 

* 

firsts y-stfaR “ft? to 

H 0 = M(Be 9 )c a + M(He 4 )c 8 4- E a - MiC 1 V 
4TOT C 18 TOW C$*5£TO afcafe $31 TOSS I $TC*fe5 
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*RTSJT<$ <3 ^ 

cHFfaTO E tt = 5 fa-l-c^l = 000536 amw *rai SB, 

^T 6 !^ TO3 i£)^ fe^fEITSF ^1 TO 

£ 0 = 9*015046 + 4*003874 + *00536 -13*007478 
= 0*016802 amu 

1 amu- 931*2 U-$-c& l, 5irc<n *it$ 

E 0 = 15*6 fsf-^-c^i 

sjTffra sprc^ito *{<r 

srafrsiw a^t?wH ^ i 




fra 174 

5JT5^re<! 5Bnf^e^r *F*[fo^5 »RfHl ^%\ I S ^ a-^ ; 

B SCEf uQ^f£ «fsfa?n*r “ 5> (T'5 ; P *f!T3T?*R wm c«£ ; A 
*m»i;fafa?rra ?^fa% cnro *\ys ; I sps i 


4 $ TO® 3ff*fTvs-?4t<TT*ft *f?ihpITOi V»T^TW fa&T<T TO 

?!TffT<jppTC^?I STS (Sir James Chadwik) ^ 

^imrot ^ i *\k*\ wffos m 

fssfjT a-* to i£i^\ Be° toj to 

5T®F5 fafaww TOTffCT 5TttSTC®R W RfcEfTCBR *isto 
*ffrTC«fa ^ «IT*lto TOR I *T?to (17*4) to 
SPffrra TOW I fe*5f S OTCT tofvo a-^? c m?(frr B C^f^R *1T$ 
CTO* ^TC^iTST TO I fato®l P R4^nR 

afoss ^nrento cm ww totc^t toi ct *re caifa 

TO TO3 TOJ ^*fto fa? 3 ^ caTfaqfrlOT «{4 ^f *fT© 
TO1 RMTto ®?RMT<J toil to I RT?lTO-TOFil (Ionization 
Chamber) TOJ «^aw*r *3H I siTCTO TO *K^F 
^CTOfara* (Amplifier) w ^ B9 R^ e l (Oscilloscope) 
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tort towj carfo^to s^area f 5 ruft*ro 53 1 $rT 3 ** tof* 

TOTO TO* $nT5^S[f*?ITsr cTO<p?[ to A *5Tf*Fo to 4i?f3 aspftsn 

*tf33Ta 3*31 53 43* 5T3 CTOF 4W3 f**fa ??n 5?l TO 

TOTfep* <?rc33 a?33tfs *%to* a^to *ma 3135T3 to 
atoa 3*31 53 1 

C*T*T* C3 ^®Fo fatoTO* 3fa Y-^H at* *1 TO 
CaTfc*3 TOR - «3 a**ffT 43* a3*T3 ^TJJ1#T 3*fa3*l 3t*T 331 

53 , vstot caT$* 43* aT^dta* w?i afato ^rfeato 

3T* *5C3r§ 3JT3J1 3*31 3T3 I 4§ ®iT«fT*5t* *T3 C*rG31 

53 ‘f*§§*’ (Neutron) 43" 5JT©^3* sr^ar* to* C3 4$ 
3*fa3*T*(fer f 5 ?1wa3* **3TFs3 3T31 fafofT 33*3 C3-W ( 331 CaT$* 
31 *T§tta* ) f*8^5 TO I 

*ft?F 43" *®3t3?t *[5 TOffi TO f*8^ C3TO3 *T% 




TO*!; ^*5^33 *KC*T f3^C33 3f^«TF®^FTCST eflOTT 

3** 1 **! f5ff I 


Wfr 3*31 3T3 I (17’5) to ?*§S* 43" «r*l 43*fi> C3**5t3*3 TOT 

?* 5 tora 3 * a* 3 Tt\S 3 * 3 **n a*rto scot i at* 3*31 are ca M n , 
E n 43 * Pn TO 5 awta ^nato tasj&taa *sa, aft? 43* 1 

A <re*Bt3*3 **t* WsTO **are Cffia TO f*fc£*fi> 0 C3*1t«l fafog 
5?r 43* A c^g 3 ^ cf> wvn aftato 53 tot 331 are 1 afa A 
C^ac^3 ^3 53 43* **3Ttf©3 TO t*^* 43* A C3*S£33 *fe 
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vfrm 


* toto 53 srstTro E' n , p' n w E' A , p's, “ife-WOTW 
^«rrat *n sr?n fews mf?r s 

E n = E' n + E' A (1713) 

^T’Tfisr sft»s[C3 towtow»i *p sraro tow 

'srrsi^i s 

Pn = P'n COS 0 + P' A COS <£ (1714) 

"WWsJ? WOT SffewC? TO<*t ^3^*1 ^5 SON TO WOT1 3T3 

0 = p' n sin % — p'ji sin * (1715) 

(1714) »W (17.15) *pftTOW3 CTO* W3 TO C3TW TOW 
WT<3?H 3T3 


P'n=Pn 2 +P'/-MnP'A COS </> 

C3C5^ A CTO^J 53, <f> = 0 53 l 

WnsiOT WOTl WT§; 


P\^p:+P'A-^PnP\ 

TO3W 43* *lfo*tfer TOTTO 3RTO TO ^TTST<n Wli 

M„£ '„ = M n £ n + M a E' a - 2 VM n M A E n E 7 (17'16) 

(1713) W (1716) TOtroi CTO* WOTl 3T3 


2 VM n M A E n E' A = M„E n + M A E' A - M n (E n - E' A ) 

. =(M A + M % )E' a (1717) 

(1717) jpftwi cto fcrfs to ^cro ; rosn ^ 


p/ _ 4.M A Mn p 

-* (M A +MS * 


(1718) 


^rmfe’s «n w. 53 « afofosi A c^rost en v A 

55 , <®ttot (1718) Juiteq cro »iwfli to 


i 


M,v 


A" A 


4M a M„_ 
(M a + M„) ! 


\M n v„ 


a 


_ 2Af>, 

J M^ + M„ 




(1719) 
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^?n C 9 ms$& sfesiwR Rtfsre wtf «w 
catfro wfon atara i 49 ceire R^ifac* 
caift?T9 C9*r an ^ = 3‘3 x 10 9 cRfa/CTW* \ 

OTT9 (N. Feather) snsw ^$*r fasnt flra-TOF9 *IT5TC9J 
Wtere r^t *rc®r afofoa rtMtwr c*TO9 (N 14 ) 

aspffal (Range) *\U*n*\ to?t i 49 ww ’papfaw Ui^ N 14 
c^*sc<i >9 c^f ar^ m v n =4'7 x 10 e wfa/cTO« i 


*[®9TC (1719) asfaRro 9^5T9 to sctsi 91 farcre afa 

7 ; — — Q*Q V 1 0° 

” M. + l ddX1 ° 


■ 71 

2 M,p , 
A/,, +14 


s>* = r/^ n ^ = 4-7x10' 


4arR A/ p 49< M* 9«(Tra 1 flw« 49* 14 amu 991 5£TO i 
*T 549 siTSRn ^ 


i M n + 14 

vjv^ -J- 


M n + 1 


’ = 33 ~ 7 

• J - ■ 


47' 


^49 A/* = 7/6 = 117 amu 

v n = 3*05 x 10 9 OTfa/cTO« 


4§®TC9 5JT© V ^ W9T#® <5119 OTR TO^T C9 Ol-^faTO 

’T«TC$s to Be 9 91 B 11 c«n^ C9 c^fi^i *r»fx 

?9fa9«1 59, N ©1 Y-?rW ?T9 ; 5t®5 CaTftpT9 

STO RTO a* 9 ^ 49*»TO SlTCRSfa 9tf*I9n I 5JT© 9^¥ 
9^9^99 TO 9* 9**19 Tjtf 4^9fa 9faTO life's 9 T c tT9C9 j Tv§ 

or .^sfR 9 Efc*rc ®i 9 &«tc 9 aWfc® 59 i <a$ ^ira^rot 

^T?^^TC 99 WV **©ft RTOT RTTO ^ 9 * 9 T 9 3 T$ I 

17 7 : f^OTT <®9 f»(«fa 

RT®^* 9^9* awfa* ®TC9 afafa® fafcteflf TO9 ^TO £R$ 
SIR *[9l£ E 5 ^ 9 !^ I at9 5 ®IT9'6 9STCR?p *1^9 ®TC9 fa{§§R9 ®9 
fct9ia«l 991 59 I 
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<3 *T&3 *ffSTRJ 

C3CS<5 f3§$3 43^ <5n3T35*fa 3^31, $^43 <5ft£*£TO 43^ 
C5fa3 CTO 43 C3R 3C$ m I ^53K 5fT*JT3«l <53 3«fmfaT*r3 
3*5 3T31 W£i?T3 <53 331 *T33 33 I 3T31 C3*g3 

^#5 TO <53 <3 *I^?3 33^1 ^5 CTO 43 <53 fc^3 331 CTO ^TC3 I 

a-3fa3T3 3T31 Be® C3*53 ?33$3 3TC*I t^S^o 33 

3C3 fapi && C3*S3 ?33I>3 SlfZBTO fanfare 5fsft33®l 3T31 
331 313 8 

4 Be 9 + „He*-> 6 C i8 *-- 6 C 12 + 0 n 5 

mis ?33$CT3 3C^ ?3S^a S3T3 *f3 ^ 31C3 C 18 

<5r3?*p£ C3*53l$ I 

<5fipC*f C3T3C*T3 ?33$3 fa3fafa<5 <5TC3 fatfT?*l<s 331 3T3 8 
5 B“ + 2 He 4 ->,N 1# *->,N 14 + oW 1 

4§ C3*53-?3fa3T3 CTO *Tfe-?f*3 , 3 e l Jp 3C3T3 TO ^T331 *IT§ 

M( B 1 x ) + M (He 4 ) + E a = M( N 1 *) + M n + E N +E n 

C3 33C3 fafofT *fSRI*(3 C3 <53 ^T31 to Ssl 3I35J3 TO 43* 
E a> E n 'Q E n *1*311^13 3T3 3frlC3 &TORF 33^3*1 CTO 5JK5^3 
fa§&33 <53 frl43 3C33 I f3§tC33 ^^3 33T3 ®f31 f®t3 

CSTfrr stfocro (Proton Recoil) ^3^1 sigfare TO3 i C2!Tfo 
43* Wfe33 <53 313 3313 313 ?3C3 43* *P^tfTO afoto 
C31I>C33 *333131 ^f3SlTn 3C3 t^3 13^C33 E n t3<3 

TO3 I 4^ *T3if<TO ?<sfa WIC33 <53 1'0067 amu TO I 

TO 5JTv5,^ 43* C3T^ K ^TC33 (Goldhaber) Y-3H3 TOTC3T 
<531&H (H 2 ) toto 3C3 ^3 ?lto<5TC3 W^C33 <53 fcrf3 3C33 8 

1 H a + y- 1 H 1 + 0 » 1 

4§ 2^313 CTO 43* <53C3?f 5J5 TOTC TO t3^tC33 <53 TO31 
3T3 1 §*(C3RF *f3lTO ThC ?38^ 2'62^3^-C^ 

Y-3H 3T3SJ3 331 ^3 I 4§ y-0FT$C33 <53C3*T 

p y = — = 014 X 10“ 15 OT-C3fa/CTO'Q 

c 
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*tfsF-7ftir , ¥ c i 5p sisprat msi fro® *nfa 

M(H a ) + E Y = M(H X ) + M n + £*+£„ (17120) 
(17'20) *isfhmCT «?r »iw *t?*f awifa^ ^<m q<n 
^C?(C5 1 fasnfcm ^ T^rs^vs caTifam E i , = 0'225 

fa-£-C®l aT'Qin *im l «£l^a *fa? 5T"9(jy cato?l «?RS*[ ^ 

p p = */m^E p = V2xl~66xl0" a ^x 0225 x 1*6 X10“ a 

~ 1 *1 x 10‘ 15 aTSf-OTfsr/c^'Q 

P p >Py 3 $ I ®?IPW pn 4 SR 3**11 aRRR 

<R i£R >TnC^T C'5^?T CaTlfom ®?TC^T ^C®1 C*T ®1?€ 

py are^n *rm sir p p 31 p n ^rr ^ ^ ^i (17*6) 




y-af*^ «toi ®irc&R fasrfr:^ ^sfsr fszr i 


to ^ »kottbr a*?to sms i fra c«ire avohwR 3s c*r 
p v w p n c^fik ^ a*pac?Rr am jrr w faaategat ?n 
4^a 3*?n to i 3^3 ^iroi a^: />* = />« 

£* = £ M = 0‘225 tsr : ^-c«i 

= 0*0002416 amu 

^mm Ey - 2*62 fa-$-c«l = 0*002814 a mu 
15 
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(17*20) sritaw anro 
M n = M(H !2 ) - M(H l ) + E y - E v - E n 

= 2*01474 -1*00814 + 0*002814 - 0*0004832 
= 1*008931 amu 

^jaa^f fa&sicaa <®a anas srf&a ^»rca 

aai TOCS I a^sTO ?IT^a wT TO5 

M n = 1*008986 owm 

fa&tora ^a caifcrea <»a wrai ?af ca*ft i tea to 
scare ca 4a< caifrr ^ aaia afaail sc^ 
ca*sa ?toa ^-aro i ca^acaa sn:«« to sia’STa 

a®5JH siTCa I ca*5a fataa 5!Sira afcaT^ a?«iaTa TOTCv® CTO 

cto c*acs ca*ga caca fas^v® sa i ca*5caa aitca w 
*ia^ra fa^frr P~ faafrwfa sa ( 16*9 5®$aj) i fa^tcaa 

^rsm^Ti aftaefta veil's (16*9) ^tc^tri to scare i 

fci^rea ^Tsicai fatal TOa ascw *rwta sf® aica i 
caTR, mz^, a-afaai «raroa ^fe® afaaT^fer ca*5a 
to faf ^ sa i tot ^ai are^ teifs? a*aR ai tot ca*acaa 
sica] sca*r aac^ *nca ai i TOT^sfa S'QaTa ac<a fa^Sa faf ^a 
*isc©?§ ca*gcaa acai aca*r aca ar^uera *Ksta aas® area i, 
4 5TTOT (17*14) «igCPTO’TOTTRl TO TO » 

17*8 : aawj> <i)a* 'SSl^OTi *tfj*1 

amacaT^ a^a ^pfaa ^aica caasa aaisa ®u?a^'® S'Qaia 
aca ^aai srohraw sa ca ca*5a fatal srcs&caa towi a- 
afaai aiasicaa ^acaitei *itta i cacs$ a-afaaT^fa 
^ ^reratata <saa afaaw aaraa sirara asa aca vfs *la ^rea 
tea fata* ca*scaa, ?ac*ia^®s ®rat ( Z ) ca^a^esa 
faa^at OTa srcwi?<® srcaa ca*fr i tot aTf 1 foa c^ri^ffs nwT^ 
?5as^s acaa faferarc (10 6 ) Ireiata c®r^ *te jpw a-ataaT^fR 
caaR siwi (^ Z st*^r ) ca^acaa acai aca»r aca 
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C3?(ferc;3 ?33lfr$ 33E5 m3 i «i^s <43 &ei3Wte wh 3*m 
caT$3C3 a?3m 3fa3i (Projectile) ?S3TC3 3J3ST3 33^ aT3Rf 4 $ 
sngfan *iR3$i sr 3531 3§3 i 

^T$Tv£i aTfto c^s?to mrt c«K3 am a-3? c t3T3 rots 
* fifa\s S3 I 43 SITS! C31553T3 cat3 afa C3t3t*s 3'7 x 10 10 
a-3fa3i f^s^s S3 i $$ 3f«i3T9(fa few c$TC3 33<3 to fasfe 
S3J C3 rMt<$ to* 3fa3T3 toR ST3 tofox 3JR^ 33 S3 I 

snrwcfa mHi w c^i m C3 43f$ C3*g3 
43l$ a-3f c t3T3 3C3j TOT£53 3§T3Ri *[3§: 33 —aTs aw 
RSCS 43 «N 31 «fT3« 33 | S9f«£^s 3lTa?\a^ 3?*I3T3 3R3J1 W 

331 3T3 ^5\5 C3*ft 3^113 C3*53 t33$3 SF5 m3 I 

fea^S 5 313*31 «f35RR 3C3 '51T3»T feSR3 3£3J sfeSTCSR TOR ^T3to 
33C^ aT3t®T vsT3 C3C3 |s*T3\s 3JR<F C3*ft W CaT$3 aT<331 C3C^ 
aTC3 I CaT$3*jfaC3 C3R feaK3 3fr &5 *lfe 3 *a?T 3531 3T3, 
^TS£=T '4ll I i3 ato 3*fa31 fS3TC3 3J3ST3 3C3 3RT3ia £3*53 
*to*F«i 331 333 1 

3M3OTTC&T 3S33^, 35^$ 43S 'G3R$3 (Cockroft 
and Walton) *s&os 3TC«T, «r^W C3 3W3 &JTv5 v fe^3 fafe&T 
^Tf3 B 3T3 3GR C3§; 3OT3, <11351$ 31*131 33*13*3 (Particle 

Accelerator) fegT?3^ 3C3 ^sT3 *1TSTC3J caT$ 3 *[E§ 

^ 3C33 I 4§ CaT$3^(fffl3 ^TSK3I ^T31 Li 7 C3*53 1<R$3 33U5 
3RS[ s?T i 4 $*tct toi 5tfa33 ^?aR fem3 3?3\5 (Accelerated) 
3nto 3?*I3T3 3TSTRJ C3*53 3iaT33 sqfcfc© 3BR I 

33R\$-'83m$JT ?3^3 fe^aR3 (Voltage Generator) 
3F33 $t&T 43\ 3rfa*lT*ft (18‘2) sjgCBSOT ^ITRiTRTl 351 

SC3 I 3^1 C3Fa aTC3 C3, <S^ 3^*5 ^3l$ $11^3^3 C3C3 

am ^°bWfM3 at33o1 l^^ 3^3^^ <53^^3133 (Rectifier) 
«H3^ 3T33 (Condensers) 3I3ST3 3C3 <H3^3^ ^3^ af33f^ 
331 S3 I 3?F3\$ <H3^ «5TffJ$3 700,000 ^55 ?3^53 

^aR3 33C^ 5R«J S3 I 3^33 <H3^ C3T$3 ?3®3 a^^R3 

331 <H3 ^jf^3T3 C3C3 3RJ ^f\5^ST3 at3533 3C3^ ^^3 
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*f?T5lT®( <3 vfcn af?TO 


vroi 07 fa-§-c«i ( 7x10 5 5-c®i) Ms wz <11 ^ 

Tr?t arspra a*ajj §*am 3t*a<T sprats <4^ arcs fstfaro 



far 17-7 

C2fr$*r *rai fsifwrar ww Harrow ^ *?rm tore 

•ratal ^re*5i i 

^ ^^a c^ft swi^ii Sara v£fe&*f &&*rf*F ^"»isr caito^ro 
^Tfrcs bfto^sj cro* faafrr ^“alfra ^ ^ 

(177 Trth^t ) i 

TOJ\S W 'GTOJ^T ^TW3 a<fNTO JJWHTO 0‘5 fsf-^-OTl 
aft? 5p»w canoes ^reTO ^z<w i fafaTO w (Target) 
$ac?i ara 10" 6 smfasra caTfrr-aTO (Proton Current) srrafo^ 
to ^ i atfsre caifcr 1*6 x 10" 19 afasna w to 
to, fefarro sTwi?f §ac<f afo crow aTS 6*25 xlO 12 
*TW* caito ^Taf^s to ss i 

caTfrr ^ca<r to fafsiro »ro^ T cw m aro «nT^o 
qtiwi c^ai to i ar^oTi sia-are 

toi wrfff\s W srHrara sr*u Tto ^am tori w *rer cto* 
fafo to ZnS fag S afoa® afts snafa^ ^ *ffej 
5w ^as to 1 M si*(?ftTO?r <$§: ssr^fa 

(Scintillations) fataa to to 1 afoa^ a«fH *Fgca CTO 
cam a'Hfffo are A ’sifrre to ^fa^fas aaafrn (Range) 
»a?rc ot cros djpRi afe M?r to to 1 fcw sftfaa 

frntaa to ^faqn^fa* wfai a?<RTa to 

i£l*I< , G?flc^^ ; T f*lf lf 5'0®TO taxis' ^C?W C*T fajsfa ^fa^T^fa 
TO5 (HPfofl I 





fsa 178 

C2fl6»T fafsHTTO f^I$C*Rl (.SW^V fw I 
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fctfwsr canto to ot gfb* fato 

*ra> ^1 to?ito *fsto«i toi toto *?n m s 

3 Li 7 + l H 1 -> 4 Be 8 *-* a He 4 + a He* 

toj ifm (Dee and Walton) \SR?ti> 

fc|9PR OT-TORT TO! ®5ito fatoR *tC*TO &TO 0*25 fa-|-c«i 
CaTt^T^ STTato $GT ^IC^RS*' fafsBIl TOR 

ar*fi e m ^<r bwtcsrt sroT^faa 35*1 to?i i (17'8) to 
a*rto »a£'^rorefRr ww cw*n m c$ ^ a-^tora wfcn 
s?r i «sft wfhi to «apRi areas' *rto sir 
^fi'G?n ^tt?t m 8'6 fa-£-c©i \ gf® 5* fafcren sister 

7$ scsro to m 

M( Li 7 ) + M h + E 3> =2M(He 4 ) + 2£ fl 
*OT* Q = 2E a -E 2 = M(Li 7 ) + M 7T -2M(He 4 ) 

3*RJ sjsItoCT fato $f«lTO *lto sir <J3TO *TOT&j 
WffaRr Q aTosi m 

Q = 2£ a -£ 2) =2x8*6-0*25 = 16*95 fa-*-cci 
TOS jtffo v»Tw af^Sjia TO ' s TT'Q?n 3T5 Q = 17*33 fa-£-c®i i 

«IWIW Li 7 , CSTfa W a-^faTO <53 «OTQ §TORF <3*5^- 
7 ^Tq=?it<t Q fto ^31 3TS s 

Q = M(Li 7 ) + M n - 2M(He 4 ) 

= 7*018232 +1 *008145 - 2 X 4*003874 
= 0*018629 amu 

4$ jiw 931*2 to to tosi *it£ Q = 17'34 fa$-c®i i 
zm ^ fcwfo Q-wira sir w»R3Rr *rcc*i 

^[3 '5TC4 fsiCffl 5IR 1 35p5S TO^F^-'G?!!<^&CH 3 <5aC3 3¥ C F5 *f3l^l 

wwi *tfa$rc «iT$*iH>ftw3 ^-*r% jtspsi ?p3 3 M<j asufa® 53 i 
vsto SafWCTTui ct fanto to ^ a-^to ^3 

wiTnsn© caTSw3 ^it < o*it'6 i 'Sic^w C3*it ?[3 i ^pc«i 13 GF 3 

^3C3$tG 'STT^tf^s cati>IR3 <53C3C^T3 ^®RT3 ®1W3& C3*ft 5?l I 
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^RRT^ <3 Sf&T *tf?T5?r 

TO*F«I *\$ 4^*1 CTO a-^*wi ^ *f?PTO?r STS tote 

farre ^s i (17’8) to $$$*[ fas<te$*ft ^ a-?pfaTO 

SWOTS (Track) siTESlMtf&'ff <?r*n STS i 

fatesR ^Tfi tog to^ sto cst^t^ 

S>£S TOSM> G?JT®J[>iT SSST^S C^*5^ faST>»T 'SIMS'S 

TOR l SC ^W CTO sMsvd Q 4<Tn SSST#T^ ^ CS£*F faste 
Q-&u toj stgsi m i •£& ss sst^ cto* 

3TST\Sl ^^TCS sstfsvs £S I 

^stir ^stscsni cs tof^-gst^s srr stsjri 

^ ?stf«T?R (10°) C«TS> TOm ^ C<J*ft &5F®<T fTO ^*f3T ^<n 
*rc? i ^®sr vf£ srbt ststcsi ^rr^rr^^s ^ fa-l-c^ to cs*ft 
*fe s 5 *^ cst^t si \5 s$?r v*w ^ fs-l-c^ totsh cs*ft *te* 
a-sfa^i stg?ti sra si i ^ss sdsTO ^Tcrc^rr toto^ sj<wi 
( to Z S 5 *^ ) CTO^ fasfte ^S1 S3S*fS OT'Q to! - ( 

^ z s^sr ) c^*s^^ fssScss SR] 'Stisg to<f ^\s<r *rf*? 

s**tst ^fsTO scstsr i ^T^i *r?^-sfT^t (Endoergic) 
cs*5<f fa?2F?n s^slte sro sri< 3 scs^ *i% s^to 
scstsr ss i 4§:ss toot s®5ttr srtsts *{% s c ^ 

§gTto TOOT, SSI ^-Cv5-5JT5p v ^ 5> lT t f¥ (Van-de Graff Genera¬ 
tor), (Linear Accelerator), ST^T^S (Cyclo¬ 
tron), stasis (Betatron), ^ cst£s 

(Synchrotron) ^tufff i ^tes SFaS SR1CSI TO¥ SSS' fafsTSS 
(10 9 ) fe5Rs&!T-c®T»$ tos fsr-t-c^i Ms *ff^ s^sa - ?sto 

STO $TTto *fT*3Sl STS | i£^SiS §*5*1^ 3TT^I 

■fl w ^rrsrrT^st c^s^ Ufe*n ^<n ^ 

=T?r, i£i|5T^ ^fef^i ^^T?i to fato 2fTO csrtto ^^1 (Funda¬ 
mental Particles) to ^rc*t<T ^l *n% i 

17*9 s a-^f«M* *K*rfl>5 fifell 

2fT^?vs^ C^Srfs?F?r *m$f a-^f«ITO ^rrcrc^n 

^ ffw fe^nc?r c^g^ m «ntonr tor ot 



^‘ p rrc?r c<p*a^ 
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<17l) *|5 (cb5ot n zzm \ awraPFitf ^ 

stop ftfarop (a, p) ®?Tsk c^*s^ fatal m i 

aiCTO C^®5^ fatere ^ fas^s ^f 6 !^ 4^1$ C3T&5T I 

^IWT?l*r5IW SrFsfa TO fatalCT Tfsfta'l *rai 

^?*To *31 8 

*X^+ 2 He 4 - * + 2 C > +4 *- 2 +l Y ^ +3 + JI 1 
^tro (17 - 7a) ) sflsnn 

Q( a, p) = B(X A * 9 )-B(X A )-B m 

ST*J C^S* ^ 51*1*1 ^ 3[W OTfa C**HC*?I W *r^? 'SS-^nTO 
*rai*[*rTta ^ *rrfa 

B(Y a+ ‘ 6 )~(A + S)f D w B{X A )~Af D 
f B m 8 fa-^-c«i ^ i ^vssrrc snsrai *ti§; 

Q(a, p) ~ 3/ B - £ a =3 X 8 - 28 = - 4 fr-$-C5i 

Mrc (a, p) fatal ^nwros *ifa?-5iT5t 

(Endoergic) 5 s ; Q < 0 53 i 4 $ ernsto fatanr 

srjhj *ts*ffi ^ 153*1 sews s 

5 B 10 + 2 He 4 — 7 N 14 * - 6 C 13 + 1 I-P‘ 
tl Na 23 + s He* - 13 A1 27 * 12 Mg 2e + X H 1 
ia Mg 26 + 2 He 4 - 14 Si 80 *- 13 A1 29 + 1 H 1 

C^fataR, CSTSTC (MS a-*fa*i 3fai3 (Bombard¬ 
ment) *e*t caTtenr *ffa3c6 shh* *m fas^ 53 i ia| 

$?Tvst?r fatanc* (a, n) fatal ®ufi c c f'Q?n *m? ^iw 

fataft* tafata >Rfa<T«l 5T31 ?;rofta *31 m 8 

*X^+ 0 He 4 * + 2 CP +4 * * + 2 Y ^ +3 + i|W * 

<a, n) fatara 5IT313TO “tf^F-sr^ (Endoergic) 53 ; ^ 
4|3i*t fatara (MS Q <0 m \ (a, n) fatare 

t=T®P«fsT 5JM 8 

3 Li 7 + 2 He 4 .B 11 *' - 6 B 10 + 0 w l 

O + 2 He 4 >Ne 9 °* ^Ne 19 -!-^ 1 

13 A1 27 + 2 He 4 16 P 81 * ,„P 80 + o ti 1 
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<3 C*F 5 ^ fat 

§*ro toj *tfc*ra W$m ^rrcrc^ri fte 

csferT^otf'ol (Artificial Radioactivity) ^rrfa 5 ^ (17’10 

Sl'P^'T s^l) i 

c*tfafa?rrcsR (a, n) ®jTvsk c^sg?F U'im tot 

few 2flf\s TO ?m (1714) Sp^ff faBTfa® ^TOTRI 
TO TO I 

aTfW ffserfapa a?TSf 51v5T'0 f^fsRTSf $TJTTO ^T?r?^ TOT »W 
W«*T STOT ^RSl WWSR 5T15TWJ OTR ^T 5 ^ &5*|fe 5J**BT 

to cMsfro^s form to w i iii$ ffei §*ro 

CHffaTOT TftZKSl'Q ^TRlfar CTO^ WTO TOffcs TO TORE I 

17*10: ^fiw cwfei^ «rt^TO 

*>>©© TO f<fk®rTfa<3 i£W §T3 ^TSlt TOW 

c®iTfa'<3 Jrtjpw fto c^rfars tor i $t*h 

i^<Pfl) 'SHTsjfsit^^TC 5 !?! *11033 $3*^ (X-^fa^l 3^*1 f*T83fo TO® 

CTOR I CSfTteT'Q 5 r* !9 rf'® $TFf3 *Rfl^l TO*T ^Jf^T»i$H(,i|§r aT 5 ® C<TO 
Wfa 51^1 aferSfr'G Ufa PfPR I $R1 '5TT?T<3 TO TO^T C*T 
^rcr^sTfaiTTST arras a-^fa^i *t$«i to to« toff fafafr 
to *tf®rsto to® toi ^vd affto *rwi 3 rc?r 

*W»I (Exponential Law) ^r?ff gpi cat® aTC^ * 

^ a&n ^jtcji toc® ?tot c®fd®tG w^afvs ®^*ir ^c?r c*t 
( a, n) B?rv^hr f^rTgF?n?r to* sm^stasr (z = 13) ctof fafafro 
a*fiTOi (Z=15) su^RTtfra P 80 few to 

Al ,7 (a f n) P 80 

$T<T 1 TO« 'SrgsjTR TOR C*T, few CTO^ P 8 ° 

c®®fT*d , ?i c^s** i fcrssf® <fw fnvilViTa© a5rt^ir e i 

^jrot W>® to s 

ps° ^ + c * 8° 

^1OT *& *qsiTGTO *T5J®1 STOfS CRI tel *rW 5R?T TO 

a-tfroi ^«i to?i as snpgftfasR cto srorafTO asifros srtopt 
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TO C'fPTC C*T sp7fu>3T5! CTO* *l?f&T fJTS^ S&5 

sure I < *TC5T ^m^WsTSTSl CW fawaCTa ®H<T 

cto fa*r*fa ^T'Q^n *n$ ^} i ^ ®tct tm j^ott ‘^fasr cssrfaRrer 
(Artificial Radioactivity) ^fa'TO TO^T \ §**ra C'ssfare 
P 3 ° ®CT§c*rTctea srie/taro to 2'55 UU$ ^ \ 
^Tvpl CWTfa'G OTR (Z = 5) 5Urqp^»raR 
(Z = 12) ’c*it®f §to>q a-^?«ran <tf«i to RT^ttaR «£w 
fafplTOiT ffSefaFST ^fe^TCl^n TO*T I 

$TPf?T ^W *pFS»jfl sufTOCHT $RT **©G 3 TTCeT ^T<T1 
OTWST ^S^TO ST$ ^ I 

*rr^ tot fatas to cstas snron 

^^JTTc^n ffesi fe*iTC?r few to toss i toj c^»fte 

^ 5 5T?fi', *i<rc cssrfara i 4 $*r f for ^ncg few 
c^efto *mT*fas[£ *ifereR ( p + ) %w<2 ( p~) 

TO ’ll ^c»Rst^ sn^STO (Electron Capture) to i 

^i ®r?ft csto^cs^ c^cs ^tsrt a-t^f$*T*ft5i co^f 5 s*?r 
^ftw feara few to 3T?r i ^fesnra cro*hr *wT«ffoni 
SI^T* <RT?R, ffa fassn (Agricultural Science), *fT<ffa f5 
(Physiology), f&fo**n-*lP0 (Medical Science) a^fe TO 
CTO fftR C^SffapS aWTSf TOT atSTO 3J33® 5$ ( 17'22 
^C^ff H'fol ) > 

4*mR fem«icro c*r ^r^cro aro -cto^ 

faftrara fe'fTssRRa siwj TO^ft cro fe«;asr crofter 

CsBrfaF?! 53 l 43 TOJ Al 27 (a, n) P 30 fafSTO cro few 
P 80 ctocto (3 + c^rfairo feTO wito to scsre i 
Mg 26 (a, p) Al 29 43< O 16 (a, n) Ne 10 cTO^fa 
5?r i c^sffer t^sr fasWro 
^roiHs ^ ^ra s 

^ t pi 9 ( T = 18 5 C^TC^'O ) 

Al 29 -?1*. Si 29 ( x = 6'6 ?sfa£ ) 
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17*11: faafo 

'to*rf : S s CSfT^'T £$H C^*5t^?T $>aC?f 'SfTafaFs ^^c«1 C^la- 
(Compound Nucleus) cata, fa^sfa, suitor, a-^fa^i 
a^fo rtri ®rF©fa c?*ERfa ^Itai fag^\s ^ fasrffrs ^9 arc?f i 

src*fj Li 7 (/>, a)He 1 c^^-fatai (17*8) 

; ®[I^T5^1 ^<*1 5C5Cg 1 (17'7a) asfta 6 ! «CT C<T*IR ^T?f W 
WTSiavog (p, a) srrsfa C^*S<F fatal atarrat (Exoergic) %$ I 
^5t«4t^ Q>0 ^ i arfta fataiOT sjwj Li 7 sit<t 

sntoncfra Li 6 arc* i caTfci atora toi Li 6 cw f 

fasrfata ®rca faafifc ^?r g 


a Li° + 1 H 1 -+ 4 Be 7 *-* 2 He 4 + a He 3 

^ C**5* fataT?r He 4 c**5* (a-*fa*l ) w 
He 8 c**5* ^ ^ i isms He 4 mK He 8 c**5* ^?r wfcn 
(Range) ataa *ca Q are?ri ara 3'94 fa-^-c«i i sire 
{p, a) fatarc ^T5 sm 


5 B“+ ,H l 

,C 1! * 

4 Be 8 + 2 He 4 

0 F 10 + Jd 1 - 

i 0 Ne !0 * 

- 8 0 16 + a He 4 

11 Na 23 4- 1 H 1 

.Me 21 * 

- 10 Ne ao + 2 He ( 


<$w?r src<i a«w ?<feT<f c^zz ^as - ®reta> c**5* Be 8 ^is 
^T?ft (Unstable) ^ i *irca TiKZ^ Be 8 

a-^tara faqta £C?r 3 T?r (Be 8 -> He 4 + He 4 ) • srtfrc ^ 
fatalS CTTt> taft a-*fa*T?r ^ 53 i 


C^T=T C* 5 ^** §aC<T Caifo *C*f Jfc fa&fa fag3f$ 53 
to to 0**5* fatarc* (U «) fatal ^nan wesi 3T3 i ^ 
fafzRnc* Welfare ^sfta*! 5T<n fapfta *<n ^rr?r g 


rX^ + .H 1 ->z+ 1 C A+1 * - ^Y^ + on 1 


^cra ^asr sreta c**5*?ifa «?wqji ®nfa ctowrt «*- 
^Raire *tch 53, 4* 4** ataq C3*rt 53 i 

^bJt^ ^f*}^ c**g*fi> 'snfir c**sc*3 $*1$ '^i^'C3f3T3 (Isobar) 



(^*5^ 
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i crofa (1612 *F&m B'foi ) c*r, ^ 

3u§cmTO?r *rcraT«ifa* toj ^ afem aT«fai 

rob toot »sot toj sp^reft (Unstable) to t 

CTO^J «nfsf CTO3* (XO *5T?fl, 5^54^ CTO*? Y j 4CTO 

^sp^mt TO i <$f& P + fasrtofa to «rra ri ^ K-^OT*sfa 

'■®rr??r e i (K-Capture) to fasrffto to i 

(p, n) fatara ^C?f^ fe«flTOl OT s 

6 B X1 + l H 1 - 6 C 12 * — e-C^ + on 1 

nNa 18 + j^H 1 - 12 Mg 24 * - 12 Mg ,s + 0 n 1 
24 Cr 04 + 1 H 1 - „Mn 8B * -» as Mn 54 + 0 rc l 

aws? 'fdi^c^ cro form cro^*r (C 11 , 
Mg 23 , Mn 64 ) ^ i *r«n 


sC 11 

P 

.B 1 

(x = 20*5 fsiW ) 

»Mg“ 

_£^ 

11 Na as 

( x = 12*3 (TICK'S ) 

,.Mn“ 

£.C. 

21 Cr“ 

( x = 310 ta) 


'C*m& ©stctoi E.C. toi Wta ^33*1 (Orbital 

Electron Capture) TO TOGS i 

(P, n) ftfffSl *i<r w •fe-rot (Endoergic) 

s?r; «Tsfre S < 0 ssi fafro canto Jjpn *Tfe 

(Threshold Energy) aiwa to 4§?&a f^rfsTO Q-*wm 
a to 3iw i 

CTO CTO CTO CaTfo *$CFRT TO! C*l ©SSfer^ CTfa-CTO* 

^ra cto* cro fai^vs sn to “R y-3?*ir 

53 i ^rohf ?<ffa?nw cartojj^ 6 ! fatal (Proton 
Capture Reaction) 31 (/>, y) fatal TO 3T?r i tafarfta 
*pltaro toi fatal tata to m s 

^X^ + jH 1 - * +1 C^ +1 * - ^ +1 C^ +1 + y 
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( P, Y) Writ* &to«i ^ 

8 Li 7 + 1 H 1 -*> 4 Be 8 * -> 4 Be 8 + Y 
,N 14 + X H X -+ 8 0 16 * — 8 0 16 + Y 
x.Mg-’ + .H 1 - 13 A1 28 * - 1S A1 28 + y 

(/>, Y) fafeTO, cro to*p fsrs^vo y-afOT *tfi? ^ 
^ i a«ra faftrarsr cro Y-af*p afe 17'2 

fa-^-C®! I *1% aTfW a’fM cto wy 

“ill? Tf 5 ^ ThC" Y-*¥ot a?*? 2‘62 fa-£-c®i srcwi ^«l c^al i 

17*12 : ®STCi>TO *t*1 GTO^F f^fSral 

aif?®^ sifesrcTO aqisT «ufe»TTC$r»f H 1 sraT'Q ^ ®<r- 

WJi H ? (^iD 2 ) $rc|cTOto<i (3'9) sj^iTr 

*HWIW1 TO 5BIC5 1 ®nft ^feSTC^T 31 ®lTO>?<I?rTTO TORT 
^fe^-frora 6 ! (Electrolysis) TO 3T$CSTC®R CTO ^sRptf® 

TO ^ I aTffo^ TORI TOJ TORT 6 ! TO (H 2 0) ifW ®Rft TO 
(D a O), 3 to -to$ 1 catro? aro tori ^spir® 

TOR ft TO TO I TOT^ TO OTW1 TOST?! TO ®f^-fTORm 
TOW TOOT^ faafe TO I TO! *fW TO?I TO fTOITO?! 
TO ^f*T^ TORI TOJ ®Rft TORI $F|aT® ^ TO l TOTO 
fata*! 6 ! TO TOTO TO ®T?ft TO aT<3?Il TO l ^iTvsCvo 

OTt to ^rctoswa to ST5RT af<JTO TOOT (Power) 

TOTTO ^ I TO OTt TO CaC® 5OT TO 30,000 STOfaTO- 
5T^l (Ampere-hour) *fa? TOTTO ^ i $usiM?r cwca - 

4&1TR »TKTOf, TOTa®Ta-TORI, «W ftfafelW ®T<ft TO 

C^*5 *5T?TO ^?n TODS I otT 5ft*i<T ^Sfacft 5TTTO®! TO 

cto 1 to^ *pw ^ i <s<i cnwYro 1108 arem to i ' 

fa*[® ®Rlt TO CTO ®f<?<? fTOR 6 ! TO OT>fiTTO OTt 

set^csrcto a?isrr®i arcsn tot i asrsiT 6 ! ^nnfa® ®?rtij?FT > 

®Rlt ^J^CiyiceH C^P^ER 5 W?n TOT, TOT 5IC*1I C3T^ 'Q i£J<f>Tl)> 
^ TO^i «nw I ^*wi witowi (Accelerators) 

ottwi cot^ir?! si's to coti to 



ffw 
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yfT^TWI falfa 3^X3 *S1 *1^ 5H I fa«T$OT 35FC®T 
CHF? 6 !^, COT^T, $\5jrf*f ^«W1 fa^S ^ I 

(d, a) ®rrvot?r fafcren fanfare sritaro «cr?n ^?n srrs s 
P^ + .H 2 - z+1 O i+2 *- x _iY 4 " 2 + 2 He 4 

C<iC^^5 a-^faqn 'SfC^f'^l v5?fri>3«T f“T?$i«i\s3 'oic^ »iwr 

^*nw, (17‘7a) sritarc'Rr totptc <?f*iH *n?r ct (g? , a) fatal 

3TT«inr e r®s "litarTst (Exoergic) ; sjtfrc 41^1$ Q > 0 3$ i 
(d, a) ®?T<sfa fatalT<T fa*r*fa % 

3 Li° + J-I 2 - 4 Be 8 * - 2 He 4 + 2 He 4 
13 A1 27 + 1 H 2 - 14 Si 29 * - i 2 Mg 28 + 2 He 4 

<i3m *pc*r carfa fas^ (d, p) sfivster fatal 
^?n m i fafa?n Jirararo “rtaffat (Exoergic) ^ ; 

Q > 0 $$ \ $$ srrsfa fatal f^isrfaita ^sft^p?r®i irai 

fafrta ??n m % 

,X^ + x H* - ^C^ 2 *- ^y^ + .H 1 
{d, p) f#F?nw frns$*\ sm 

6 C 19 + X H 2 - 7 N 14 * - 6 C 1S + Ji x 

xl Na 23 + X H 2 - 12 Mg 26 * - xl Na 24 + 1 H 1 

1B P 81 + J-I 2 - 16 S 33 * - 15 P 32 +J.H 1 

(d, P) fatara *Rv[ srcfa c^st 5 ^ 

sntt^rrcfa’f i 4<r «?prc*m ^n?*f (&*5C$3 wK*m srcwi ^ 

i ^rat sre *fTC3 (a«w C 18 ) 

sfsrai c^srfaFsr sre nrai i cserfara OT 4*i f)~ fa^Hfar 

i fasts w ^sot?r tossw fasrfa W«i^ 

sitam stf s 


iNa’* --* ls Mg a 

( x = 15‘0 S*fa ) 

,P“ 2 --+ ,.S” a 

( x = 14‘6 ta ) 
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*rasTT*t <3 C^F ^ *lk 55 

B?TOj?R <$£*15 *PC®1 'hlG'W 3ffi?T k^Sk 5?M (d t n) 
SHlik kf?F?IT?r 5^3 

P^ + .H 2 - Z+1 D* +2 * - Z+1 Y **' + 0 n x 

few «rW cs*bb® CThi-CT 1 ^ B$pircft*f am r 


(d t n) f^To^m Th4 - M ?gb§ 


1 Be‘ + 1 H* ,B“* 

JB 5 , + 0 tt 1 

,C ia + 1 H‘ -» ,N“* 


,N U + 1 H 1 -. 8 0”* 


few srcto c?*5B ’srat (sm ferorw B 10 ) *ww |3 + k5fa*ikj 
TO *TO 1 k^k 45S ^k &TT55W few CBSfto CT*B*TOra 

to* frtoto akrara s 


,N‘ -^*.C l * 

( x = 10'2 kkfe) 

.0“ — ,N’ 

( t = 126 cto^ ) 


4WT fe^TOffiJ (d, p) (d, n) bft^st toww «N- 
C^TO 7^ sn TO ^RI i£W to»*l *P*fTO ^P5 *TO I 

CTO'S? ®5C§?TPRr TO COTfa <3 kfe§;T kfaTOR 7\s$% mw W 

^tc^ toto ^ <s*ft ( m 4'3 x 10~ 18 <?rk), 

5Fsi^ fft^J C^*TO5 to BStfalPra TOTO 

(caifa kfefo) *p ^roto ^itto «ri 

«t? kto to to *rai *ic? i «A?r j?r ‘k^w 

tosi’ (Stripping Reaction) I toft? BStfapra CTO ^tT«lT?J«t^©s 

kfefcrfS^ wik *m &*5 icts to *rai *w$, *m c^'eot 
f»l¥ k*$ft CaTW (p TO <TO I 3^R ks*rfc? 

\aii{.ikc,»ra WS (<i, p) tow* TO^Fsl C3*ff 55 1 ‘SCTO 

tow ‘«W v 51^3-k s kp > pI 5*11 55 I 

BSCfaR *l¥to «h f 551 Brat 55PF5 (Heavy Ice) §TO 
®wafa ^»i 5 rac*r ®?ra>?R-B?[ckrc (d - d) tow vd >: 

1 H a + 1 H a - a He 4 - 1 H , + l H 1 
1 H B + 1 H a - a He 4 -*■ „He 8 + qW 1 



<E*[T5<T 


239 


4$ ara fatal (Exoergic) $$ I SOT 

era Q = 4'03 »£w tak era (3 = 3*26 fa-$-c®i aTTO 

*mr i tm era fcsas cro* ^ ^fesfiwfwa to »ato 

«nfc?nc&W TOsw (Tritium) I i£ifi> |3~ tofa*fk W 
^<T *pfe?tora 12*4 ^ i «s?& 0'019 fa-§-c«i *1^ ^sr 

|3~ ^fa*Fi fas^ to He 8 ^rfejncto ^arafa^s ^ s 

X H S —- 2 He 3 

H 3 anfenrito* wifaws fatal, 

srtfrc (rf - f) fatal tot* tip atom *t^ to® *$ s 
1 H 8 + 1 H 2 - .He 6 * - .He 4 + Q n x 

§* 1 ET ^iTCBlltoo tofi> fatont 535 ‘cTO^ *KWTSR’ (Nuclear 
Fusion) »rato tofa i fa&sto ©saresra era w <sr% 
CTO^F fatal (Thermo Nuclear Reaction) *rato® afa* 
toHe«f?r era fatai?[ta fa:*re ^j*pl (19T3 

5^1 ) I 

(d, d) W (< d-t) a^T<T fatara *R%m fc^as 

srHraia era* fatal a<ftra ^e®? 5 s i 

17*13: < ®rrf%5 a?Pto3 5tsl fatorl 

«l¥hT5l 

caTfa, Heitor *n a-^to?r it^i c^*s^ fatal awifco ^<tt<t arc 

^53 ato^i^ ^ 

ctocto ^rai faf ^ 5?r i rat ^afa* wx *n 4<n 
e^*sc^?r ^'5j5c?r se<a <pe?r c<p*5^ fa^f&^ ^?ipo am »ri i afa?- 
jjral (Exoergic) faftp?n?r era afaafa* 5 j*»bt afaa 
*toi (Projectile) mm rao CTOS fatal to ^rta 
to c*m v\q* i fa? sf ^ac*F «wm sfwismt ato <efam 
^t<h < 4 ?^ a fatal TOC'o 5 C*t ctocto fa^«i ^rfrrcra ®f*n 
snato <ptoito qwS atoiT®ft to arai*R i *rt^t TOfaro 
(Classical Mechanics) *fff ero ^snfa 5 ® ^toT3F' C4>*SiCTO 
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Sl^awa TO® £OT®ffit?[ ^RvsSf a^3 SIR (&*%$ 
^nw^rot ?3®3-af®3TO3 (Potential Barrier) ?RR 

sc® to (1215 ) i R qmt w Ze 

«n*JT5nTSft CTOFF3 frfC^ 3fa C^R e 5JTCR a 89 ^ fa*pT?*T 3fa?TO 

afaa 3T3, ®ttot fa®3 af®3TO3 &e&®i to 

V B = Ze 2 /R 

Sfirowa carfcr 3T?n Li 7 cto^ Wa 

a*afa® Z = 3 43S ^ = 27X10' 13 C*tfs[; ^Ts 

Fr = 1’6 fa-^-C®l ^3 I srsfTC 5RT®3 3<?fa*m 5lT*fcs 

carto aja®a afe 1*6 fa$-c®i sra ®rai Li 7 C3*sm 
toj awa to fatal sjsfpfc® ^<rc® arro i af®at^ 

(17 *8) q m cto ca tof,S «sisi$a 0'5 fa-$-c®i 

^aai afa? a*"ir carSa arorer to eai fatal wta 

TOC® 3R< ^ I <£)S TO*! 3BJ5 C3 'SfT^f^ CTOR$R a^lfawn 

faca-ataroa &s®i faa®a afa? caTftaa 
aca* af® 3 ^¥ cm to sn;«n am tos 43S1 atfa® 

asTai®i (Probability) i W&TO* ‘^a-atai’ 
(Tunnel Effect) toji C'fTO 53 i C®®rta CTO3* CTO* a-^m 
faTO*l 3JNJ1 TO3 5TSO (1215) 3^5Pf Sftal 

STCelTRll TO TOC5 I caaTR cwai CTO C3 a-^faTO afa? fa®3- 
af®3TO3 §6F®1 ^ca^l 3*3 5TO ac^<3 ®T31 ataTO 

C®^ TO CTO^ CTO* fas*?® 5C® aTC3 I siTfa® ^f'lTO TO $$ 

®rca fa®a-a?®3TO cm ^ca araia ?19T3 j®i fa^a tot afaaaf&a 
ata §aca i afe a® && sa $$ ?i§T3J®i ®® $® ^ car® 
m&\ ^®art ^uaf®® caiftaa afe mt 5ca cto^ f^a^a 
a^3T3 a^aiT'G c^a! 53 1 

caT$OT af33rt ^3c$3a ai a-^f^^ic^ 3 ^ afw f^aica 
3I35T3 ^31 53, ®I5C®T'Q ^aC3 a 1 !^ 'SNCaiWl ®f^3ral f3'©3" 
afeaaic^r ^ca^i 3R ai 1 ^ aa ^to tot c^^ 

T^tai vrfv&s ^31 3T3 1 can5R3 smr 3scw a® fTOn 
&a*gfa-c®r*S afe a»a^ ® 3 c$?r 313513 to 5 RRn, ^ 
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^sit^ f^\s HTH i a-^faTO CTO fof "fa? 

TO*F fstfsRR (10 s ) t-C^l HI SC*T WR C^*5C^ CTOQ 

^ HR I TO«1 a-H^ITO ^T^R CSfT^T HI ©?ftl>HEHH 
RTHTCHH ff^l I SPOT 4CTO fTO-afoHTOH CH“ft 

«flH< fRSFsH *ffa? H**!?? a-HfaHTC* ^ H^SHW aifeH ^CHH 5 
CH*ft CHH H*»W 3R*T C®*f TO C^s SH, HTH H5THF51 *[H§ HR 
(1215 S'foj) I 

17.14 : i HltTl RvH&'S (^H 4 ®^ fH^PHTl 

t£)^ RTHTH^H ^f*PFl I ’VRfeS C<F 9 5*F fHH$H 
¥HTH 5R] fa^HCH* £[fo$ ^f«I^l (Projectile) f^HIZH HIH^TH H>H1 
^‘rHHTSRH; I HHHH CH^gtHR TOJ SIH*T HRTH HTO Rtf^© 
Tr^H CTOHia tHH^ H*F *flJ®H TO HI I TOT STH 

*^n fn^sfa'Q «(H ch cto c^hsc^h R'Sjto acH*f 

<$<xv *itch i hh ?h^h «fc?-*?nft (Exoergic) cthff ?;fen 
aitH i *faF-3T5t (Endoergic) fnfeFHTH cro rh*h 
fafcgfa^faH ^R\5sr “if^ wi sown, hth hr hc^ ^shi *rfs?H 
JfHTH (17*4 S^HJ ) i 

HTH1 CH*S^ fata wffro H^HTH SfRT HW"& ^Tol 

frf^SR Q^OTH SEHMH I CH*5*F fafaRTH HTHT^ fa^Sfa HF?TI 

51SH I iflflRT TOJ fac*TH H^sH^fa fatal HIjTH HSTHRil *{H ^ 
5?T l HH fatal TO HW^ HWJ* Wfc? HT'Qai CHU© 

*trcn i 

HTHTHH^sS ?RC5f '©UMTfa® fa^9lH anfafflTCH HJH^TH 

i 

(HO Ra-Be Hi Pu-Be W&H : 

i£l^ (a, n) STRsNl CWP fnfSFHTH 

§S9uj i (17‘6) c?*n cr^ ch cntHf^rnTWH h^ch 

a .^fc[^jg fHTZFHl H9^l?r ♦R^R CHC^ ?H^tH ^TfH'fI CuTvbilW 
fas^\5 Ri^iwF ^ Wff?n nwfS® hth i chTmtchh 

CHSTH ( HH1 CHfSHIH OTT^S ) CHM5J?ftsi ^ fafeTfi TO 


16 
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3Tr«fT^«tNos fa§§i asp to 5 s \ ^recs *rcsffca cro^ 
fsfrll Be 9 (a, u)C 12 *TTO(17‘7) spjcesw ^tc^IT^I TO 5C1C5 » 
C1C5 n$ CSfelTtsiS «rW^TO»T ici^ *tW 51 (1620 s*?is) 
c*ftro ifttsfa fastis sen s€sh csfoiTs iron tot wfasftfo 
5Tts a-^fa^i fas^ *fsc^ arts, its toi fafa^ afaiTi csfasTi 
fats® c«rti gfaira its ^ra?ssfts% 5 its fs^sfa aren us» 
*s& sts csfeiTtss *rcti fafss cstsfarcro «w afo cu^t^s 
an 10 6 fa^sfa arcsi us i 

Ra-Be ciCT fas^5 fa^fosjfats “if®* TO* 51 U,— 
»pw cat? top fa-$-c®i sfara itu 5 s i ^s itsi 5W5 
csfeus »w <as to* wM^T?ft f* 5 «TTO?r s6u* fafw* csfat 
cats 5 a-sfasr^fen *i% i csfafarsn 

§C<S TO fat! afaasri STt*T 19W3 “fe TO 51 1 ^T1 SFtPf 

fa?®FT *tf^a c a?r a-ifasi usi (a, n) fatal 5! i cawu 

fas^® faster *tfe s r ifa eg u us i 

ClfelR 1T®1 ^tfafain (Z = 94) Ull ^tsfalTtUS! Cstal 
sfa srfsffaaTO a*a?r Pu 239 ( x = 24,400 isas ) ^nttutfatas 
TO* Clfafalin faT*f\s S^tS'S fa^Sfa (§** aqps TO U! I 

fcats fa§§* few^fara to cih TOrarar atim 

51 *1 l 

(a) stfro ssistus u5Ttu ara fafcfcr ^ ? 

S^faS 5 ! SS11CUS U5TCU ZtW CaTlfa 11 ©It#!* TO 

fata fas Z ClfaltS 5 &r®Tta ICS ^tal 5T*»f^ fa^il 

aqp® to m i ■ 

falWs® fatalT^faitS 5 SIS5T1 Its *TTOF58 <5^ *S 

as® ^si 5i s 

1 H 2 + 1 H a a He 3 + X 
1 H 2 + 1 H 8 2 He 4 + X 
• 1 H 2 + .Be 9 K B" + 0 n x 

1 H 1 + 8 LP 4 Be , + 0 n l 
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^CRTTOIJ aaa (1712) ^c«jPf to^t^s (d-d) 

(d - t) f^?2F?n I ifll fa?3TO ?*tC«F fas^\s 

*fa? to I *RaJ ^ff TOlto caifcr *n mcStos a?*? *p 
CT*ft ^n S5TOT fato to fas^ ORT aaafe apaff 

i fato aTO faftren caw fato afe a*as ais^i aR i 

(*t) CWfr tofa s 

Be 9 43 §ac?r t&BF'ifo y-<tfar a*«i *roi (y, «) fatoi ao>, to 
TOT fiT^T ^T'0^1 to (1710 s^i) I TO«F *f5R y-sto 
afro® ^Tsfa cac^ am ^eeafe X-shf tojto TOT'S a^?®c® 
faSfrr aTTOi to i i£i|^a c^tcSi-W&t fcw <nai s?r i 

srftf Rto “ifvff *T s a;T y-?rfaT TO5R TO 55T, ®T3ffa 

aaafe* jpas ^ i tor®!®? I! 3 Be 9 ctocto 

^a<r (y, n) fatal aq&fcs to few as® to ss > 

®?ta ^prt aaR spjfaqi ^ c*r fanfare *r«a a<tar 
aca^ ^toT?rc* ^vsti fe^afa? y <n X-shr fas^® i (R®rt 

4?[toF sfrn 31 TO CTO ^T?fl 3Fg fata *J?F TO^afa TO! <?to 

tot snai ararsR i 

(a) c^TOfa fata*? few s 

3^sfTR CTO3% fafa?^ (Nuclear Reactor) aCTO awj 
^fecafaro <1 sf^a «i?ft ctos aasn«[ cto*f tasR 
Nuclear Fission) atal cac*F *r$F5 ^tal a’as fafefe*ps 
aTTO to i $ aro feiifawtoa afsc^cw fasTta wmsai ^rti 
5W i 

?<t?wt aror fafet^ few c^ am fafeSiro ato fato sa i 
fets afe a*arr fafei^faTre ^t cro rtcsTCBR sn*fl5T, 

n*n,m arr^Tf^R csitcsi<t f^s<r to a^ ^ <m\ 

cato^ a^ca awc®?r tot fo afe art «itc^ i ac^mR 
^tI^tcsr a?isiTffp ^w’twtw ac^ «nftf ato m 

5ita c^?:a i «fftciw at^? ?rtc^ ^rtc^ ^TCff?r aft? waw 
^ tot ?n?r cato^ a^ca a^aic^?r ^rt to afe 
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*ETsrr«i 'Q ata 

»T1 I >3^ \sTPf3' *ff3F Rl^.C^lC'sH ^1 ^HJHI 

assn^fara >sHhr *rfer {%kT) to wr i sm 

<£& *i^ sir anr 0'025 |-c«i ^ i *ff^ 5p*w 

‘sstffafafcsfa’ (Thermal Neutron) 35fl 53 i siTOT<T *RRl*rafol3 
ws ^srHhr ot 3*&t *p ^*mft 5 $ \ 

»£wft 2 fa-|-c®i snfr »if^ fanfare toi 

5rto®?t frai *ifa? ^us are ^t<i 

5?T I §BF53 *1331*1^ ’P’fST cstara - a?w*p *ra 
*K3TE53 TOT ! SfC^^ ^5[ *ffa? TOT3 I 

^ ^ (Slow) fa^frr *rc^ sfesroeR 

31 3RJT3J ?33 A 3WR wi ^31 SETTER I 5H3J3C* 

‘fcraW (Moderator) 3*11 53 i 

fa&sfa 5T3I *rctf&v5 fataR to a-<pfa3i, caTfcr, y^H ^5lrf*f 
?3fo?ro ta?® to aTR i in, a) BfRlhr c^a^ fafsRTw 
*isfa3*i 5T<n toi 3T3 i 

zX* + on 1 - *C^ +1 * - z-a^~ A ~ a + .He* 

4$ fafen ^m'rss “ifo-mt 53 i 

$$ BfT^hr t^tarer fawr to 

' s Li 6 + X - s Li 7 * - 1 H , + ,He* 
b B 10 + 0 « 1 - b B“* - 8 Li 7 + 2 He 4 
17 C1 8S + on 1 - 17 C1 36 * - 16 P 83 + t He* 

4OT3 srwi 2f*?rsr f3?2F31 5R3&PT3 33T3J^1 (Probability) *[3 
c^*ft 53 i c*f®rRi ^ fatal 5fT«n?i*ra»* f tffin fautar 
(Detection) 53 (17T5 g^j) i 

?3§sfa 3$c«i3 to$w c^to-c^a^ (Compound Nucleus) 
3fa COlfa f**3J« TO ^RX®T (n, p) CrT^hf C*W fatal Wta 

53 i iffe&a »iwra*i yRt^®! ^ 

irX^+ofi 1 - *C ,. 1 Y^+ 1 H 1 
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( n , p) fafsro $fc®t ®**ra srafa'S c^s^ ^T?ff c*»bcto 
stt^rto 5 s, to narofa? toi c^^a toto?3^ toi 
g?? 3R gs i ^ c^a^ c^fapa 53 0“ 

aftm fas^ to «nf(f c^pepp ?&*iT5f?n5 53 s 



3TO?[fer {n, p) fafSFTO 8 

7 N u + X 7 N 18 * - „C 14 + ,H 1 
1S A1 27 + o/i 1 ,A1 S -» ia Mg aT + 1 H 1 


C 14 43* Mg 27 3j**(rT C3*TO |3“ T33fcr*fN ga I 4TO stf- 
33TTO TO 5568 3TO 43* 9'6 Wtf g3 I 2WSJ 
Wff3Ti& *fe-TOt (Exocrgic) 55 1 ?3§§TO (Slow 

Neutrons) nTgTtai 4§: ?3fel *T*tf&\5 3^31 3Ta 1 ^CWTfvo 
<ST3t *I5]Jga CTO (//, p) fatal nTTO^S “ife-aigt 

(Endoergic) 53 1 

§to tos ott ^rgaFi §3*w C 14 C3*roa spNtoRaro ^ 

5:5 1 5j5TBfT5(fe^ <tf*p (Cosmic Rays) 3C3J 3^3H ?3§teT 
TO! ^Mbf 3I^pOT5 N 14 C^*TO3 ?33I>TO TOI C3 C 14 $fT§S3TC$T*f 
55 fafa (W. F. Libby) TOa* ^TWfaTO fawn"! TOTfaa 
^olf^F (Anthropological) 43* 2fiN>Tf^*F (Archeological) 
fatpfa 35f3 TOJ TO *tf3TO fa4a TO 4CT5 3?R Ma 3TO 43* =£53' 
♦Wit® 'SfTfa'TO TO 1 ? I 

TOTOI 3^3 ^^38 n®fk TO*r3 #mT5 ai^WT CTO 
WfT3«T*aS3 (Photosynthesis) C3 TOa®! TO 

TO TO 9ff3sj]«j C 14 ^CmC^'G 3^5!R «ITW I f|I3 TO 
431 TO C 14 ^53*1 TO JT1 I WT 0-?3aftiT3 TOt 4W3 C^g 
stops C 14 srrtcaicifcna nfaTO ?r»T 5 gm cto «nw1 fafaa 

‘^f'SE© 43* 3« ^5T^T 3*TC&3 TO 43* *treffis3* 3TO JWpflvS 
Wf?3TO 3js[Si*r TO 4W 3*T$3 TO 3^TO C 14 ^T^7tTCi>TCTO 
CTOf 5 0 Fa' : ®l vjfasipj 3*31 ga I 43 C®fCa* 43* C 14 43 ^*fs?l3H9l®1 
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*2 C3* 53 * af353 

$nro ‘w*. c$u> 3**[5 i te 5C3fe«3, stfrc «n?hr 
333 * fs , *$i 3mi 3§3 i 4 $ n^ife© 3*t33* 35 s 333 brt 
ipr^r fatpfa 3f 3 333 Wsr 3*3i 3m i 

35T®rmf\a3* 3f*ff s^I 5 ? fa§$PR fr3I3 3T^3'Qtf3 f^atarjf^rs- fafoaR 
«sT3i 5Tltsrc®rOT3 cssfasm *ife3Tcfra H 3 *fasnc3 53 * 

,N l4 + 0 » 1 -* oC 12 + x IT 8 

H 8 3i Wm ®n$c3icto3 jsjj^ 12’4 3<$33 \ ^ 

®H3 II s sn$t3Tc£ra sto^fp^r 3<c*r <rr^i?rf^<^ fafgmi 3C3, 
3T3 3*£3 aTffo3* ^3 sqtffl ft 3TS1T3) *fT?WTCT HjO C3faf3 
3t?®P 3 faofa nrasi 3m i 

fafcfcr 3^33 3*E*f C333 fafofT BfT«h C3**53* fatal 3^3ta 53 
\sT<T sjtffl 3$TCW1 ?pp^ 50^ fa^Sfa-^T^ 6 ! (Neutron Capture) 
ffiZFSl I 4CTO Stfata fa^gR C*TTfa^ 53T3 3*c<3 ^ 
C3frK3s*53* 43* 31 43Tfa3* farj« 3*E3 C'ofa ®£3 (Ground 

Level) 3^33 3*m i sft3 §3 *r C3**53*1$ ^irfa c?FSW3 43* 

43*3* C3*ft ^3-3^311 3°w 43*fc ^rftpnc^r^ 53 % 

zX'+y -* ^c 4+1 * —* ^c ,i+1 +y 

$3TO £3**53*$ 5E$ ’ira 3fT3T3 C^®rt s 5 : 3'Q $U5 *fTC3 I 3T3 

33$ QTfta C*ifefRT CTO$ *RffaTCTGT (n, Y) SfTsta fatal Wft&5 
3*31 5C3C5 I («, y) fatal 33 33t# *lfaF-*fTSt (Exoergic) 
‘ 53 ; tf < ®FT#3 fatalT3 Q > 0 53 I ^3R am “[31 *lfa? 

Sf^STOfo ta§3 3I35T3 3*C3<3 (/;, Y) fatal 3*3?fo 3*31 3T3 I 4|3f*T 
faf2F3T3 Q-3S3JT3 3T3 C3faf-C3*5£3*3 TO 43*$ fa$$PR 33R-*rta 
33T3 53 8 

Q = M(z& A ) + Mn —M( Z C A + 1 ) 

3*£33*$ *(3 5T«T31 C3**g3* 5Tv£l C3*ifa ®T9[ CTOt (fl, Y) fatam 
Q-3^3 SIR 2IT3 8 fa-$-C®l 53 I C3^®f?n 3T3 *[31 ^ 3^ 
?3^W3 3T31 3^v5 (n, y) f3fa r 3T3 ^«T Y^f^P 

3T3T3«r®8 8- f5[-^-c®1 53 I 

^c&OS 3TCST aw ^sT^ft3R f3®3Rt C^T3 ^3^ ^T3 353*5^^, 





247 


*fj’ sutfTOl, <3 c*0 (E. Fermi, E. Amaldi, 
O. D’Agostino, F. Rasetti and E. Segre) TO*? C^ 

qfr ft srp^lfo, STS *151 S3, 

ssTOT {n, i) f^tai qfar *{S <3*tt ss 1 ^T<n »£rafc 

Ra-Be *sm *1 *ijt?jt ( Nh (RTW3 toi to 

sf^<r?frc fa^sfa (Slow Neutrons) TO^ \ *riT3 TO 6 ?!** 
(Periodic Table) sts cstos fe^RT tw ^*1 sip'nfo 
^*1 <FC?H I ®n7T^ cto TOW ctto ffoBtfro 5 $ 1 

<flPRT C'oSrfaFS'sl *tf<J5TT*f ^C<T s$T<n TO^T G T («, Y) fatal 
Vfpp g^ifo fr^dc^RT ^TO sj^srofo fa^sN 

cto ^s - 9j«i *t*te c<r»iT ^rfcRft sr 1 tonr ®nfa«ro • 

f ta ^retvSC® C^tal §**ITOFT3 CTO ^ ^ TO I 

TO^ft (n, y) efFsfa fataTS ta“H TOe 8 


1 H 1 + 0 « 1 - 

1 H** - 

jr+y 

xH a + 0 n l - 

JH 3 * 

j-r + Y 

11 Na 23 + 0 « 1 -» 

„Na 24 * 

11 Na** + y 

29 Cu 03 + 0 n x - 

29 Cu 04 * - 

20 Cu 64 + Y 

*,Ag m + / - 

. 7 Ag 10B *- 

47 Ag 108 + Y 

tm cto ^»isr I-I a *$nft c**b* 1 

H 3 \SftK 


Na 24 c**bto (T fajfcmta 1 4t*ra cvssffe^l 239 'Q 237 
suc^ri *?n toc§ 1 srt gffa toj Cu 64 c^Mihr (3~ w 
J3 + STO C3«rfaFtf5T| C*f*n TO ; 'STST^l vflfi? ^sp&T 
«R5?W TO« ?RTOta ^ 1 *lfaCTO Ag 108 p~ f^fa-ifatG 3$, 
^CeT^§»T 3|T5?W ^C3'G ?K*fT^fara 3[?f ° 


Cu 6 ‘ —■- ao Zn°* 

( t = 12‘8 srfr ) 

Cu 6 * —■— ..Ni' 

(t = 12-8^1) 

Cu 6 ‘ as Ni 6 * 

( t = 12'8srft ) 
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<3 C*W 9TSR 


47 Ag 1 8 Cd 108 ( x = 2'3 fcfafr) 

iAg l ° 8 46 Pd 10S (t = 2 «W) 

C^R C^R C^CS f*^$aOR *'ftSFiT <Fs^^[f5T ?^C*R snt*T 

orfa f^gfa c*tT^ ^T?f *rercjv5i ssf i 

^rff-snsSFRl (Resonance Capture) ^ 

»In J , + o» 1 ,In lie * 9 In 118 + Y 
^U^Tvov© fa$&R<T £„ = 1’44 l-c®l 5OT fatal 
torto sfcrc <rs; ffa *ira (17‘9 far Eflfai) 1 



ojot ai 1.0 10 100 


Electron volts 

fra 17-9 

5RRT?t ^nS/STC farfffTOT G^Cff fa^fa *T?$3 *KCT fa?3?n 2C5W 
CFWfoff I 2ft£W*M vfl^ 3£C8? ^T*f I 

:tf£«R WI ^ CThf-WW W ’PW 

^ fan^ ^ ew ^ra 1 tftew fataTFF (n, 2 n) 

f^tai wn c'f'Q^i 1 «awar *tfe 

^ SOT$R 1 *$ fa§&T *R, CSfT^T, a-^fa^ 

^:«Rr qrcsre fa*rfa 1 'src^fes *tfa? 

sr;«F§ §es 4^ (*Wl 2n, 2 p ^Sflfa ) 

fa^llR ^.l^T'Q faffi *TI v oC N ®fl*^ fa'q'j^'G '5^t^|\s 5[$ ' 



ffas §mts simss 
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Sf^SSk ?S§£cSS CTO (w, y) fatalS *{S &5 SSTSJTO^P TO®F 
enter k$&S cnTS^F (Neutron Absorber) asps to 3[S 1 
SSJT® s kSTS (Z = 48) csfe<r CTO te§S CnTStSS SSTSI^l 

^s &s 5$ i ^osrc 5 rt® s : tas stvjs to ^©Hfa kfcfcss (Thermal 
Neutrons) c*TTW fames SJSTO TO SSt ^ c^T^=T (Z = 5) 
w sitessTS (Z = 72) csfar stc§?s nw fatns ^ntsml » 

k^sftss stsi to ft sjs 3 ^ fatal s*sta ss i 
^51 cTO^-fa^fS (Nuclear Fission) fatan i 4 S$t9i 
^sfa^nk^S nfat^W fasita TOTOS1 TO TO i 

17*15: fife]f5r W 

C3TI>S, a-^tel, ©Stl>SS 2f*k «[Tta ^fasi factor ®?SJ 

ststss^s 4pri tos ^tos *r4 shto to ^ i TOTssk stos 
to ksS&sw ^ nstfTO ten to sss =n?r i te§s stsi 
sssta fate a^Ts snta ^tai ^tossts! cto^ fatais ststoj 

TOSSES te$S ten TO ^S I ^T5T®1 S^TO 

csts* testers totc® akte cates ststcsJ'Q tesk ten to 
sts i kcsr TO«nte faf^r nstfTO te§s ten (Detection) 
TO TO «TTCT i 

(SO (1714) vtymn TOSTte Li 8 (n, a)Ii 3 4SS 
B 10 (», a) Li 7 fatal 5 ft sjsto to tests ten to sts i «a| 
fatal sks 5f¥TWl (Probability) *[S csnt 5 S I 

n^niTS^ (Proportional Counter) si TOISS TORT 
tetss to terser si cstscss cro cstn afar® scs sinter 4ws 
§nts TOrte k^sk^far k-^-c^i nta a-^fa^i i£is* to 
vsstfS *nta s*ta (H 3 si Li 7 ) ks^® to t 4 tss stsi cs csts 
iss^ stai ^mte *rcnnsss si toss *tort toss swi sss stc«t 
toss asrc to i $$ toss asr^ feewfifafaEss st^fsj 
si l&sppdte nsites “tern's to sts \ s^stcs sss 
aTfte ^ertes (7*52% Li 6 « 92*48% Li 7 ) si aTfte cstscss 
(18*7% B 10 « 81*3% B 11 ) nfasc^ Li fl si B 10 



250 *f33T*[ <3 C3*53 *f?3&3 

w,ni to 4§3i*T fafcfcr f3tf*t3 (Detector) 

331 53 i to«i Li 8 B 10 srfomfrn ^ >rcro Wto 

fatgRITsT >15T3J^1 *{3 53 I mW C3T3C33 9IJT>ft3 C3fa BF S 

^t<ti *$ to 31 snspirf^ Wte fauft;*T3 3TC5? 

3J3^s 53 I 4tTO 3131 (w, a) ?3fSF3T3 >K3$3 43t <£$ 

* 

73^313 3C*r 3JT?5^ 31=131 (a *W31 Li 7 ) 3$3 SIPR* 

^’fTfR, &«3 3f£F3T^ BF 3 m^RT sifltj 3te m3 I aTf?^3 

C3T3OT3 3f33Fs *f33tTO B io BF a 3JT3 3J35T3 3C3 

<£^31*1 f*TOfaC33 faltf*! 353^1 (Efficiency) 3C3^ ^31 331 >153 I 

43TFT ^C^3C3T3J C3 *£l| *13ifis 3^3 faufaTC *fC3 

t3C*r3m3 >15T33 I ^TOFS 5 f3f?F31 ^3 a^5*f W&/T3 C3S’f3 

3IST^3T^3 S |a oc i J , y^ T » ^vs3 *tf^3 WteT3 CTO f?TOt*f 

*33^1 gT>T -3T3 I 

03) >fe33=l 8 3T31 wfifo C3*53 313TTO3 TOI 

*F$ <?5®?faF3 mTflfa C\5erfap3^1 *rf35!T*f 3C3 fa^Sfa frTC?r*f 331 >153 I 
^ m?TO ‘>fe33«l *rafi®’ (Activation Method) 3«31 3T3 1 
(n, y) fatal \Q$ mfta3 *TO fac*!3 I (17’14) 

C*f31 C^ICS C3 3^3 *rfo fa&gfa 3T31 («, Y) fatal ^^TC33 >l513J'Cl 
3(3 53 I 31T3T3=Fs8 sjJR3Tiftf (Z = 25), C3T%3T3 (Z = 43), 

3*m (Z = 47), ^tarc (Z = 49), tapJTtaisi (Z = G6), CTT31 
(Z = 79) S'ffo cst®l ifll 3TC«?3 *TO fac*13 ^SC3T' 5 ff I W3 
mvs3 &S3 3^=1 33E<3 (n, y) fatal 3T31 iflPRT CvsSftar 

3rfe>ncto3 ^ 53 1 ^^ 3 - 5^3 31 ^33 >K3JT3C33 >iT5rc3J 

»s& tfsSjita^ 3?3SIT3 TO fa§§3 ta*! 43< TO3 >13:3 ^ITSta 
t^^3^3 <®tal (Intensity) f33*3=1 331 3T3 I 

C3T3 C3T3 <3ltC^13 C3W ^I3?^^5 ?3^W3 f3C*13 ?3:“T3 
<w, y) 13^313 21^? (Cross Section) ^3 ^ 53 i (1714) 
zq&m 4$m sqm f3?g ; 3i (Resonance Reaction) >1TO 
m<3T&31 331 5rare 1 ^ f fT533g3>‘3 ^rfv531W3 C^CS 1’44 ^-C^l 

3T31 In xia (/j, Y) Ill 116 ?3lTF31 >T<3lfoT3 >15131^1 



§TO5 C? 5 ^ 5i*fT55 
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55 I i=J?®5TP15 ^ 5T51 ^f«Tt^s TO 45* ^ 

In 116 ^nfeniftrc’Rr (x = 54 fafa$) to 

1*44 k-cm ^hrai to jtot i si<t* 

4i|5f*f 5^51*1 C*fT^®l Wff51 f5£*f5 faG*15 *f?3F fsfC^C*RT 

TO®? 5J55T5 TO 5T5 I 

(M) S fa$te ?$? ?K5lfcs CTO? faBTBR 

(Nuclear Fission) fatal 5J55T5 TO fa^sfr fatf*T TO 518 \ 
$&5fa5T5, C8Tfa5T5 <5T5t C5t5f*TS$55 CTO? fa^&T 5^55 

tot ara *r® 5 3p*w 5 $ w ?5^Tta 5C5 5T5 i ?5 <»tsr- 
^j'ssjfar (Fission Fragments) Jitafa? *15TO5 fa^5 

58 45* 451 WRf 8C5J ^1555 85T5 ?5C^s “TO I 

^to* 4^f$ ?■? 5i sn^atfs? wjt 5C?5 foTO? *m 5fa 

^C5?55m 51 C5Tf88TW5 CTO C5fat5 aC*T*f ^TTO TO?, ^T5C*I 4§! 
5*a?(fBIW fa&Sfa tac*T5 TO®? 5U8R 5T5 I CTO? fa^TTO 5TO 
fe^wf^NSSl afatfSOT 5fa®T5 TOoTTOl ?51 5C5 I 4§ 
fail"!?*? 45* &fc*ffa? &«5 £f?T5 fa&Sfa fatfr*f ?51 515 I 

■(5) aftofaa CST^T ^Tvs S (17*6) ^nt5^T5 

TO«TO1 2PT*C*T CTO C^S C5 ?IT*t?^o far$8fc55 TOTtfa 5feSTCBR 
m\i c«rc? caTfcr fas^ 55 i 4^ sfofas (Recoil) 
CaTfo^falC? sn-ptlfio? *1*5115? 51 TO55 ?CTF 8 5T5TC5I faC'faf 
?5l 5T5 I *TT5T5«f38 §55*1?^ fa ^§5 fa{tf?*I\s 58 l 

17*16 : r ?R& 8t5l *t*5flr5 ftftal 

5C5'$ ^ *Tfa? *P*f3 7-5H 5fa CTO C?*5C?5 5C5I SC5*r 
TO, ^T5C^ C?*5?f$ Y-CTO^55 "tfa C lt IT5 e 1 TO &S\s5 *lfa?®C5 
(Energy Level) 5 re TO5 I 45 §csto * 1 % (Excita¬ 
tion Energy) 5fa C?*S? 55J=$ 4?fi> ?f c f?T5 59R *ffa? «TC 9 T?1 
^1^55 55, UT5£®1 C?®5?^ ?fa?l fal2*J\5 ?C5 fa^ft&'S 5C5 \ 
^f*r f5^5 55, ^T 5 C^ wifcfi f5talC? (Y, n) 

15TZF51 5511 C 5 Ss TO5 I (y, m) f5teF51 »ff^-aT5l 55 I 
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<3 <&*%$ afro 

. ^ramta y-ata 5T5n ©sufapre 

fa^ fapJRl ?RH CTffo aTC3 S 

1 H a + Y -* 1 H 1 + 0 n l 

S3C&TOI 2'226 fsf-|-c^i sita^l (gc^s* afe 7r*a?r 

y-a?*ir 5T?n fatal a<qfifo ^<n 7[^ i a^f«s®ra» ThC" 
^^FTrcfra c«JW 2'62 fa-|-c^i Y-<rf*n smi a^ftsre 

fc^as - Na 24 sn^frcSm f^rs^ 2'76 fsr-^si y-afar *mT?r 

fatal sqfar© ^Rn i vst^t^i 5ft&r^=T 3i ^i^resfa-taFfc? 

§t*l3ta?ro 5 a' (Electron Accelerator) c*[CT aTI? 

X-srfai 3i<r$T<r too §?Tsk fatal ^Rn tot i 

i£l^ &n53«l 

4 Be° + Y —* 4 Be 9 * — 4 Be e + 0 n x 
i£l^ fataT3 JjSRl afe (Threshold Energy) sm. 1*66 fa-^-c^l i 

c^rctaTOT Na 24 «nte>nc^n *roi stirtafa cstos Sb 124 
$r£cara>Ta wz^. f^s^fo y-afag ^ awa^s fatal 
sr^fta TO i ^apn^ fatal FFTah-fafcfrT fcw fasten 
^TC5f ^TORT to ^ (17*14 Epfaj ) i 

(Y, n) fi®T<3 (y, p), (y, a) a^>fo fatara tafa arai m t 

17*17: <?m^ Rferfa otw % 

c^t*t cto^ fatare asrei^i tara to awra«re: fatan- 
2TO5? (Reaction Cross Section) jttsj^ a<aM 3T?n i 
fata* OT3 awifa^ ^i atara a*^^ ^^ca sttto 

c^sg^ fatal a’sw'nr fJTsrfata >rcwi faces' aifa i 

(17*10) ta a*rta Ax &'< a*a?r T (Target) 

aTF©3 igaca ?ifa afo crwco iV aWF afaa ^fa^i (Projectile) 
'5rraf'3 : o ^?r, C4W fafa®$ a^T3 fa^i^w^ ^ca at'© 
spfj^sj src*n faaf&'S c^*5C3rt a^aji 

An = gNuAx = <sNn x 


( 17*21 > 



§*nc?r 
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n 3fl$ shfi^sj «rc«n T^f«f*S a^m c^*5c^ ^^n-w i 
■^r^sss n ± = nA.v 3 tf§ ^<r> 3^to a^-3 


—AX —- 



fSB 17-10 

JT^TFa a^f^f ( fafarai a^sr) ^Trcrra w*n wnfa?^ fss^a i 
arei^fS ^ g* «9^f§ c*n®ro?fo pfepf faw^ *bi i aroprffr 

C^BC^S faiw fSfivsCM^l ^tf^s’TC*^ 'SRf^o JlW^C.®T C^FS^^faRl 
af^F-g c^fs^i <?f«[H 301® i aTc*ra fear a^rfoi 
3pt3rt w ^;«n ptor stsre i 

c^*sc^ toji ' <* sr^, ^ c^*s^ faliRn s^c^? 

(Cross Section of Nuclear Rection) I a^PH fatara 
m fatal a’Stf^far, *r«n o{p, n), a(n, p), o(n, Y) l^nfa 
C«fC¥ faff ^ I 

3fa C<PR «T^»TC3jR SIR ^fa^l i$<K 

i£|3 ifl^F C**PQ*^(.«1 3T5 $(TC^, ^>T3E«T C^5C^?T fa<iT£\© 

3<M 5 TST3I'al G 2^3 I C^cWc®^ *fl O’ 5 T\3nfifa'0 VaRt— 

C.G.S. a’sfafcs ^3 vd^ 3C^ <?rfa 2 1 c*iC3^ c^*aw>3 

totpJ 10" 12 <?rfa 33 , c^sri fatal to 
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*rercT«i c*»a&T ato 

awraro 10~ 24 c*fa a snai i tutors srt 

fatol a 5 ^prt sri ^ mm *31 53 I 4<T m ms 

atf (Barn) s 

1 atf = 10~ 24 <7rk 2 

^f'f'Q C3*ik c**5* tom «ra to* 

*H m<3 ^Sf £?r, apto fafctera fT^l wftvs («, Y) fflff3TST 

cro a^w <*(n, y) c*h c*h cto to* afe 53 i 

«UOTRT (Resonance Capture) CTOO a 5 ^^ §e& 

53 i (17*14) si^wgPr ^rotos In 116 ( n , Y) In 116 ?3toT* 
CTO E n = 1*44 i-cs\ mi, <t(h, y) = 24,000 53 i 

to3i aurora ®flTto* \srca3 §arc3 a^hraR 

53 i i3*?c> c* 5 ^*^ ^rr 3 rr s f 3k 53 R, \5T5C«i ^nakro *?*[*T5jk[3 
a?^3 ^Tfa^s $*?& ^ara 4<r af^a (Projected) 

CTOF«T TtR 2 TO 1 atf«f C*R asfapfa aTC^3 4** C*5TOI3 
§ac3 N *rcaj* c**5*k *^*1 ^raf^\s 53 , ^t^«t arcm sj3j to 
atorc csrr$ ttR 2 N ?rcaj* *nato *fa*i afoft c* 5 ^** 
spgafcr 53 i ^rcato *ki*T*[?eTC* k^prga *?a3i *<n 

5t3t5 i 3k arc^i toj afo 4** c*aroi c*rr$ w^wi* c**g* 
arc*, 43 to3 to a?353«i *tc®i 4§ ^3 3T*n aia ^Ta%^ 
*k*T3 csttS *rcaii nR 2 Nn 1 m (17*10 far s^ki) i 
srrato *fa*T*jfer 43* are c**b**rp 53 srcai tom ^imrei 
5C3 

7rR a Nn 1 : N = vR*ii x 

*re43 4** c*b*c®t *nakre 4*^5 *f*t*i 43 * 4*t$ rs 

<**8^3 awl ?3tora asrarei (to?n a^w) ctR! 2 *i 

c^*hc^?i afa*a c**pQ^(.aii *ww ^?i i a^saw ^i^narsi 

c<p*aw?r at^a ca^svca^ a sir *n t 

c^ s *hc<p5 sjc*o v©fDt?f *m fzRn*ftoi a^i, 'Srrat^^s 

*tf^ a^to ^aw to i ^af^o 
afssare k^a ^ ^ i ^ttc f^toi aro?? ^to^?r 



<J5%SI (SaTCa 5iaT3a 
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CTOR9RI ^ata^ ?PW I <f 3S afcfTO CTO 

^r^rsfffRr wiaa *fM sa i tot ^wa sfatafo^ 

cRimm ^aam a?® fasra srca^ ca*ft 5 a \ ot^fb *r^sr- 
afo ?a^a 5T5i §aas f^terara ^ 5 s 1 

§acaa TOsnssM ami ca aatemfta aTFsa vgam* 

CTOTC9ET atai a^R n x aW CTOCT5 C^T$ , kR. 3 'H :l 

airea camaw (1 cafa 2 ) \pRTs «{a am 5a 1 aT^ ft aT 3 *n 
5^ tf^ara 5 ^ai asa 1 


17-18 : fafefa Wfal ^ G^a* 


a?®r c*R fac*ra aaaa fafomm a*ca §*as c*P 5 $ %\t (Stable) 
55, ^5TOT aataa a^a CT®5CT5 ^arR (Yield) 4W£a ^ 
aia 1 (17 21) asft^ma ca<:^ amM otk*rt ^awa 51 a areai 
am 1 ^a^s f cacare aca ^a^ * 5 raft c«:am a^aii aNnj 5 ca » 

®raaar¥ afr cro^ C'S^fapa 55 , ^T5t*r §*asj 50 am 

a5 C^a^fa WW 5TC5 MiirS 5tfs «[TTO I af^r 45 fcafa 
Spaa* (Disintegration Constant) K 55, 4a< ca*H faW 
$5c$ af* N' a<aia* smfa^ caw *maf a ataj a^am arca*, 
^ $src6 faafa 515 ^iV 7 5 « i ^5is A 7 ' ava#a can> 

at55^a 5T5 5C5 


— = oNn 1 -KN ' 

ar 


^aai 


dJV' 


AT'-^ 


= — \dt 


aaftam*! aaTa^aa amca areai am 


(1722) 



± = Ae~ u 


4aiR A 4asft ama* i afc »pre®, t- 0 aaca A 7 ' = 0 55 , 
^T 5 CeT areai am 


/4= —fsNnJk 



256 


*RTOI*l O *ffas?r 





(l~e~ u ) 


(17-23) 


n' 

/ 

N 

oc 


t 


fro 17*11 

^£33 *KW CT*5?fa f^ftRTRI *FC«T (TsWf^I C4*BC33 

*tf3Pra*5J ffurfro I 


srsifa fe^TO c**HCT3 Will *J5*-*p (Exponential Law) 
sjjprfat ^fai CTO CTO fffa TO (* = « ) *f**i 4 S (Saturated) 
to to (1711 far sNfaj) i Wi*? *K*m 



oNn x 

X 


(17-24) 


.TO* CTO 5f*f#H$T=T TO CTOOT *TC*ni TO 

^ TO TO I 

TO3 fatal 5T®IH CTO 5T1 C*R, NJ ^TOl 
«ifa*^<r *k<to c**to ^vs -to =n i fatal 2F%m 
o wz C*“ft Nj *&5 C**ft I ’^f'&sS fafefo TOTO 

TO NJ WJlf&C* TOR TO, ‘TO®! a^C55«f 0 vaCTO to I 
CTO7R fasnfa STO A, C**ft TO, ^1% 3f«fer*fasTTOT T 5FST 
TO, few c^sc^?r mm ^ ?sa > sraTOF fa^fa 

SF*^ 7l ta TO, T C**ft TO AV ^ TO I sfaF$ ^sfaTO 

^fTTO^ TO N ^faf TOO Nj *fai ^?n TO I 



§*ITCS Si*fT3S 
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Au 107 (n, Y)Au 198 fsfcsTs s*n fsra&si s«n 
ST^ I ktOFSTS 'SRI ^Hts fcrc^T srejc^f (Thermal Neutron 
Cross Section) 3TS 100 stf Au 198 ^sg^s 

^ 2*7 f*R i sfc ^ c^tsf 2 2P5W '02 csfa css- 
5 P s> f^‘ <£i^f§ (TTRTs arras $>acs C^S^ter Tsfsrs^ (Nuclear 
Reactor) OT afo CTWC« 10 13 s$«i *fsi ^s, 

ssrarai *fW w ara Au 198 (tto^s ran* wn sra 

( V OTTTS ^ITWfapF «pw=19*3 ) 

N ,_oNn x 
00 X 

_ 100 X 10~ 2 * x 10 12 X 6'62 X 10 23 X 19'3 x 0*02 

197 

27 X 24 X 3600 
0*693 

= 4*4X10* 6 

^o?H\ Au 198 sn^OTTcfocas afssu*! sra 

M (Au 19 8 ) = x 198 = 13 sifcffrara 


cs*ik ®T9i f fas rasfreFS afasra ^ sttshi ss • 

<$<f suras ^5 qsR«r sim i ^raa S^auR (Yield) ^uwnas 
i£!FTS C^S??^S^TS STS1 3S I §atS SPrS ^TTSSC*! 

spy?? sais aca Au 198 cto fssi^T sts sts 


KNJ = aA 7 n x 

0*693 


x 4*4 x 10 


1 6 


2*7 x 24 X 3600 
= 1*34 X10 11 ^s^/CTWW 


aft fssik sts afasia s*ai sis i sf^s ^s c«fc^ 
suras c^s?fra ; s^i'Q fsfos fskas kbr*re spss ^ksi 
aksua srai srs i 


17 



258 *ETCT«1 'Q CTO? *l?5&5 

^*13* CTOC?5 ^sffarTO *rft 5C®T ^TO£55 *ffatt®1 TO? 
OTt 55 i CTO?t5 faaRt?5 (Nuclear Reactor) siwi Pu* 89 
^r&OTTcfcpf (x = 2*44 x 10 4 ) f^c^nsnsr mm 51 to* ?fo? 

’tfSTCTFl ^*{ST 55 i * 

17*19: CFftM £5bt-(?«? 

(17*2) TO51 cwc^if^ C5 jrnT?£ csr-to 

*R>?R ^eH^ST CTO C5T?1 m <r N 14 C?*5C?5 SR^T a-5tf«f?l 
to*t Msi fa$rg ^ fajg ^rm w 4?fi> ^ 

TOJTSt CTO? F 18 * 3fS 551 ^ CTO?fi>5 T^CiR *Rvfc O 17 
CTO? i)<K C3Tfo TO51 5R I 

C?*5? fatal R**rta ^TOR? ^«n 35S !THTfa5 S5S1T 

faaa5®l TO C5R (Niels Bohr)) m& CTO?-fa5$n 

*F*f?TO C5 wsm (Compound Nucleus Hypo¬ 

thesis) SglfavS TOR C5 TITO'S (17*2) ^55C? &CP15 TO 5C5C5 I 
C5TC55 TO 555 4?f& ?fa?l x CW <4?1$ CTO? X-i£R 
SfPTfas TOT CTO?-fafa51 5\5ta TOT, ^>55 SfSRTSiS x-?fa?lT£ 
X-CTO? ?^? C*TTfa^5 5C5 'Ojta *$Rt C5frK?*!iX? 

(Compound Nucleus) TO i C5fa-CTO?ft Prefers 
5tto 5, ?p*frc c«t5S5 tot?i 55 i *$& *$fmi 

*!T*lR®nsS 10' 18 CTOSQ5 s^s 55 I 4TO ^TTOT^ C5 C^fa-C? 5 5C?5 
terl<w4f®i 5fa3 *{? ?5 55 , &5*rfa c^ 5 5^hr ?fa?i ?^f? fan 
5T5R WH C?*0? R 89 ^ $|foZFSf ?5te> C5 555 ^lTC^T ^5R ^®RR »35 
^\*R TO TO? 55 I 5fa ?fa?T?fa C5510 8 51 10 9 (RfSi/ 

C5CTO 55, ^T5^ «fl$ CTO? 5TO5 TO 55 SIR 1(T 81 51 10~ 2a 
CTOCS5 m I ^*tta ?fa?1 ?$? CTO?ffc? CTOfTgtSf 

5RR SRI 3C5T^ft5 55C55 ^jTOR C5frf“C5S*55 y 1§ 

5R5 55 I 

(Rfa-OT^ ^5 £TR 10' 10 (Rt^'Q TO (7lf& ?55^^ 5t5 
^f®I^l y TO W ^5?*Td C?F«g^ Y TO ^CTFF I OT55 
C5hT-C5^5^ ST55W «f^RTC5 ^SfTSRl fa«l^ ^5 ' 

^+,x a - z+g C A+a *^> z .Y A ’+,y*' (17*25) 



fe*rrc3 ?F*fra3 
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(17'25) ^sftaw C ^ c3far-cro^, m 3C^ 

(A + d) mK *RPn*if<^ 3c^ (Z+z) i C3C3^ C c^wft 
fe^fgivs s5^5§h v?$ 33 <r^$rj »sraf& to^h Y 53 toi (*) 
fac'tHs to 33 i C* cro^fi* sfT?r 10~ 16 cro^ to WSfc 3C3 
Y iSRK y C^Pg^ gf& ^*f!7 TOT I 

CTO3 STTO? s^3T3t CTfa-CTO* C* Ww=T 33R f^l^s 3^5 
TOT 1 CTO C^TR CTO C* ?33?(><5 3C3 y U°o^ TO 43* Y 
C^*5^ 33 ; ^MNJ CTOT CTOT (T^KT f33£CHI3 ^C®1 ^Hi WW 

stto cto#t y fas^o 33 43* Y' srefa'd CTO3* fcwr 
33 l 43T^1 'STRT'Q TOJ *5TC3 f33l>»T *fTC3 I ^TR?TI fsRC® 
*ltf3 

C*-► Y + y 

-» Y' + y' 

te33 6 R3in N 14 3^3* a-^fa^n ctocto to ^*fsr F 18 * 

C^fa-CTO^ CSITfa To ?33l&5 R 3C3 CTO CTO CTO 43sft 

TO$ TO, 3T3 3*C«T F 17 TOW CTO3* 33 8 
fi F 18 *-- 9 F 1T + 0 n x 

C3T3 '5JR<3 ^STOl 4C<tr( (flfa-CTO^ 3*1 ^>TC3 33 '$T3 fe’O 

43 WM 3§T3J^1 fa»3 TO R I &TO 3*RJ fcwSSCT F 18 * 
CTfa-OTwft »p( C3 N 14 a-#i3n cwto to §**isr 57 s 
*(TC3 \sl§ ?R, 43l$ O 16 C4W 3*^3* v!»3CIjsH (H 8 ) C lt IRC e RI ^FC®T<3 
43*$ CTh-CTW SWT 33 8 

e 0 16 + x H 8 -* 9 F 18 * 

F 18 * C3to-C3S*S3^ *I3»?v5ff5 C3 “it^TO ^ 33,3U*ffass 

vSRD^Wfl fjRt*ZTD TO f^\sl3 CTO’S c 5 lft?C3 s C3^ 43^ 

“tfSTOT 3RT 5fS3*f3 l C3TC33 ^TOTT^? 31>3T? ^*[3 flit ^ 

fafef? 4^1 "fisTO S;*TO F 18 * CTfa-M^CTS W*P$ CTO 

TO f<3&R3 TOMWl >RR 33 1 ^ CTO^ F 18 * C3k-CTOC?F3 

f33$R3 to 0 17 w car^T fero 3TO Timm (Probability) 
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<6 CTO? a&T af?5? 

Wl 3? I C?fa-CTO?1$ ?t a?ifoffa §W 5^, TO &at? fwfta? 
asi?Fsi W^r to ai i 

^j 5 ><jo area cwm (S. N. Ghoshal) ?$? zpfr&v a?>TO 
toi cto? «ai st^to? a^jsi a3aw asuHs w 1 astro 
totato a^re Zn 64 * csta-cTO? afe to s 

a9 Cu 63 + 1 H 1 - 30 Zn 64 * 

28 Ni 6 ° + a He 4 —» so Zn 64 * 

afeTO afe Zn 04 * csta-CTO? a?$p£ Wato toa - 
a^Tsste Usftfc 5 

so Zn 64 * -* 3O Zn 03 + o n 1 

~* soZn^ + o^ + X 

- 29 Cu 62 + 1 H 1 + 0 ^ 1 

aw CTO Zn 64 * fRSf© TO Zn 63 C^®?tol 

cto? $*as to i fast? cto ^ fas^ 3 ? Zn 63 

C^f*TO CTO? fesasr S? ; ^at? CTO 4?fi> caifa « 3?^ fafcsfa 
w <3 Cu 62 carter c?*5? w i fato cto §*aar 
a^nc^s crot*t>*S'Oi afsaia ?cs TO$jfa c®®ft*?F? c?*5? spd 
T'i^a®! ??i ?t$ is?® ^sT? cat? ac^>j? c**t>c? c?*5?“fsfiEFST? a^tt^B 
(Cross Section) M? TO 5 ? (1717 B^SJ) 1 csta- 
c?*b? ^frfonrl stfato ?fa?r? ( H 1 si He 4 ) af*? afss^CR? 
a*ca a*[W?{fas afssto? chafes (1712) to a*rto 
5rao5 1 ^ fcs cto? cB*n m c? Cu 68 (/>, n) Zn 68 w 
Ni 60 (a, n) Zn 63 &»? tstaTs a’stro? (a»MiTO ) 
caafo? assess §ac? aT? aaiato 

(Coincident) ??i to, sfcf TOto a-?fa?TS afe*fc? toa? 
«pf (£«) cato? afoafc? toa? tori (E„) arcac? 7 fa-^-c^i 
^a^s to w 1 «ra^o to? ?ts«i ^ c? cato? afcaft? 
towi a-?fa?T? afoafe 7 fa-^-c^i csat toS to csta-c?*s? 
Zn 64 * $$ cto $?§ at^ro ^aa - s? 1 
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•nmi <3 mm 

17-20 : 

(13*7) strop?* ^«n ^ti'wimi to 

i crof^ *ptp$ fas^ P-^ito fanref^T *r% 
(Continuous Energy Distribution) ^jnji to* Sriti 
TORI TO 20M?T I i£$ 

sigjs c* '£& (TrrsrT^fw astro < pfr<3?n ^ i 

*T^FT v$<ft ^T'Q?n^ (F. Reines and C. L. Cowan. Jr.) 
RT5l^ fSR ‘TOSsr! >TTC«T faStScWM 

*fi®N* *Rftal*?W STSTT®! a*f*fsT ^<tre ^ I ( 19 ' 8 ) 

cro^t* ?<to(/£* (Nuclear Reactor) srcqj pr jr- 
CTOi^a fTO^T-*ts (Fission Fragments) a^vo afastTFl 
3* 'ST* C*OT *(* ^ ^t*Sl fa&f&Rl ( v5tTO faa*^- 

ThvSI^i ) ^ (Beam) -sit's?!! *t* i ?*a*ts-fa§tol 


r 



tar 17-13 

fa&fSpn *biH! i 


(Anti Neutrino) **R 4*^ caTfot* *T*1 c*TTf*s *$, S5*R 

aferfo ^ i f*ta*i farstafare ^retroi 
to faptfa^ to *t* % 

v+p —* n+l 3 + 





S>m3 
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sn&m&i *Rifan (1713) to ?cra i fafzRre 
CW STS ?3^^-?3§toT*p5 BW*$ «i|*fl> ?3*TM ersuHTBRT to 
am 3C3 i ®?s?f3TO fof *fam CdCl a (3JT©fa3T3 cmwfrs) 
«r*i gtfhf® «nc^ i ®ptoc33 ^ ^ 35*1353 53sitot* 

(L) 3T31 53 I $tt*iT 3 53«T 5*W-fc**n*3* (Liquid Scinti¬ 
llator) *i*tf srai *$ m$ vaw3 ?ra ms 35 ww 
^Ti^FF-soTto *tf33# C3T3 (Photo Multiplier Cells) foflS 
3TC3 I ^IWTBRT TO CSfT^T 3^3 WOTRT 

vtfj ®?^f3 TO ^353*1 3TO ^*T3§R3 fatal 3C3 

fa3^ 53, 3T3 3C3 5 ^ fa*fat5g<t 0'51 fa-^-C51 *lfa? 5 f* 9 JS 
fam-eito (Annihilation) Y-3W C3Tfrr farfS 53 1 ^ 
C^T^T 5 ft 55W-^*ITSfTO33 TO m3 1 *! 33T3 *m C3 *tf$3 

633 s ^' 9 fSr 53 5T3 ?f»TC3 *lfC®lT^-'odv6\o afa3*ic<H 3131 43^ 

W (Pulse) 3 ^ 53,31 ^iW*r5T3STCsr vwftm (Oscillo¬ 
scope) 3C*53 5T31 TsTOff*!^ 53 ( 17.14 faff 5^31 ) I mmi 



fw 17-14 

*wHi3 wsf^gHw arg tog fa*t*fa i y ± 51 ^ 
ta*i-sr?35 y^ito 3131 fc**w «f53-3i*ra i y 2 ^ 

^irefsmR C^'EFF 3131 fa&fo CWI3 ¥C«T tow y-3f*3I3 3131 

fatal* *K®T fa^sfafa ®rC®T3 TO^TO cai^T^to 3*5*1 ^S- 
*[3S 3*3TC53 5T31 *lta?3 <TC3 5PTC*IC3 3^3313’ OTW 
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*ERT*[ 'G C^®5$ ’S|5h *jf?T5?r 

(n, Y) c^rrfas i 49 toi Y-c*FTfa 

wr cr$ *tfs? am 9 fa-£-c«i ^ i 4$ Y-c*FTfc^fa'G 
Bsw-fcwrw* wo CTit^o ^?t(?fw to <sr c^rre 4^?& 

I 4ft« *[C^<T m *tfwf*foWTC& 
tor afts ?iTffff*t\s sr i 51$ ^sf^wrcw toj ara 6.6 
Stf^EFl-CTO'Q TOW 9WWH WF I fac*R WCW 

<£&&*{ ^ ^f^-^5Rs Ssarow 9 [«ri wi to 1 

<TT^pr 49* WTO ^TC'fiT *R&TO afo ^?f arc 2‘88 

4|i&a yir ^O c*&*& 1 4 $ caifrr 

fawfa-fafcffcfl CTOW 5fSRTOT *1*^1 1 4TO 

terTOroj <r i£ft ^rarei^i <jr, to«i far^ftwi 
CTO 'TOR 91 WT r| I 9 f 5S Caifo 9^*F fwlts-f^Ttal 
c*ittor a 5 ?^^ stt^t sits 6 x io~ 2 ° 9rt w to s^to to 59 i 


17*21: ^erfemsTff^ 

CTO C^R aTffa^ ®r«Rl ffasf C^W? 5 ^ sntPTTCfclCW CTO 
49T?99* sfaiTTO Twftw ?^*R aTG?n TO I 

c^fe?rrsf csrik «ra?f® UX 1 (Th 234 ) c^rtcro farafafrp© 
to (11’7) st^chsot ^zm to scro s 


is- 


ux > T4T, 


, ux 

T^R 2 


5' 


1-18 ft 


UII 


W1 *K9J9* (0*3 5 %) UX! a<RT^ CTO fof 49* aTO 
C'$$ffaF?rol srfTO 3R I 4^ RSrfctf^Rs 'SIW 

to to i 


UX x - 


£- 


241 fjR 


uz 


0 - 


67 ^1 


UII 


sntfre foster cro UX x w fosifow tot ^ UZ awigsjfora 
tfoSrfoiRTO ^sffo^TOT a«R CTOT 3fd UX a 49 ^pfsffoiTTOI 
wro ?®sr s?r i <rc^ UX 2 49 * UZ, gft <Rfo$ UX* cto 
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13 faW^C*!*! *PM 5?T, *F5i<W i£l^ 5[CEj[ a^vs^fC^ CSITOjI" 
sm^faro (Z = 91) ester ^-*rc<m (A = 234) 

Pa 284 ^l^OTTC^ l ifltfrsl sfasftaTOT ta 5^T i fof 
|3~ faster TO1 UII C*to ^“TOta ^ t stfre iSCTO ^ 
CSlICTO ifw£ «n§CTTCfr*T fata sfasffa^TO s^TGT fastffts ^ I 
i4^?k*t 5 ft ta sfasftaiTO *pm ^a^T<r *u£cttc&t*ict to ^ 
‘cTO^fa sn^CTTTO’ ( Nuclear Isomer ) w TOifaw 

TO S3 talCTOTta’ (Isomerism) I 

snteTOs tos c*r cto cto cto 

; sn^>fTC$T 9 f ^ »iT^®c?r *$ szs nrcs i ^tto^s 
*ftac?r afd cTO^fa 10“ 18 wcf'a ^*pfi ^ Tfso^r sn:*n y- 
c^Tfa firsts to fa$^<r to *rcffta i fa^[ cto cto cto 
§E3?SfNS »lT«WGI?l ^fasftaTO 10 9 C 5 ^ 1 ® C^IC^ TO^ 5]R *ta 
*ffa -TO i f ®TO* fatanft TO’ ( Metastable Level) 
to to i <ffeir*f tfft’rot toto?^ to fa?^ 6 ! 

fas^ sro? (316) ^faita %cm ! tot^s to<t 
c%lta *ftaj c^*ft 5C5T wro toito 3T^eFsr®i fata 

(Forbidden) 3^f i CTO §c*?ta src;*m^s iftafat 

ssr i cto c¥*g^ wr *itarat af& 53, wr ctffc 
Wfl^ ^ W TO W fafa^ spNtaTOT 3T57TO fa3F5<T 
to jRffta 53 i *rfa cto^ p-fa^Hfaf s$, 

c«fas?t c«fc^ ta ^fasftaTO ^rar j3-fa«rfa TO ®T*BT 

o3?p1t> ctoc^ - ?&*n3fa'© 53 I cs 5 ^ ^t^iicuic 5 ^ ^ 2fTO 

^Nfaj^ro ^itaifa^ 5?[ i 

^fasr ^*fTC?r ^*d cu$rta3 csrfaprsjc^r toi ^c^ c^w 
sntesrTS sre c^^n to i frrT53*Rflii*i catfsnFnr (Z = 35) 
TOInSST *5T?ft ^CTTCfa^f Br 79 srp^tbs fa^T CTOC 6 !^ TOT C^ftar 


Br 80 ^CTOfac^T ?!i*fT5ta ^ I ^ 


%% fata stf- 


^t^TTO ^^ m TO I fa^Sfa ^CT?r 


Br 8 ° *ftar# ( 


fa) *lfa? TO’TO 


^?r i 


^fTO?r ^rlc^TTcfa^to Br' 
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TOTT«( 'G «S5g^ 

fe TO to 5 $ i Br 80m «i[35iJfisiulk TO$Tf& 

(State) 4*4 *H>1 spfeftaro srtot nTOT ^ y-c*fti>?t tefs 
TO Br 80 C^fa ^ 2 %s l Br 80 ^ C#?I TO*51 



fra 17-15 

Br 80 «n$t»fr*nnRi "tfra fra i 

CTO 18 ftlW 5I5TOT P~ TO Kr 8 ° 

i (1715) ter Br 8 ° ^T^iRtoir 
^ aro fcrctera te c*f*ih scto » »sto fomcTO 

Br 80 -5i?rsiT«j?T cto j8“ f^te??r j3 + 

farfo 31 toT?t ^R^J? sn5a*l (Orbital Electron Capture) 
srTvotsr f^^T'e *itefro ^ i «acTO ^ ^r$wit$iafi> Se 80 ^ i 

W ^ ’snfewcsjin TO 43^ $Ta3f& CTO y-^ZRm TO 
ott <?T ?palTO* (Genetically- 

Related) TO \ ^nrote Br 80 5^ C3*fa 

»a^ ca*fa to *to » w fof cro 
^ to s?*5ffiv5 sro ?n i 3«n In 116 (Z = 49) 

3TT^FTTO>IC*nT 5JC3J &6b\s3 '&ll£c*lTSlBfl?r TO$rfl> 

54 stfsrtarTO >iww 5" fasrfa to Sn 116 (Z = 50) 

'antrooka* aftF-^rro * f $ s ; ^pte 5*n ^asTO 





§*fTC?T (TPS^ 3f*fT3<T 
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In 116 refa c*m 13 otct* «i*fs?hR*ra j3~ ‘mfa 

^ Sn 116 sn^OTTfircro srofto tor^iWT’TJ 

ct In 116 43 *\$ ^ anferomte “itesHw ron c^h Y-^fwi <?t^n 


49 IrV 6 

54 mins 49 



faff 17'16 

In 116 faff i 

m^\ \ (1716) fats In 116 43 sn$CTi*iT?fa *w*w 

gffifafo 3[C8t5 l 



faff 17-17 

UX 2 «h$ghnium *ttor fear i UX a c«rc^p UZ an 0-15% w^r 
^ctwhI* topw *n ,ta c>r*n3 5^ fa i 
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^iTwito UX 2 15 ^ UZ era 

& *T?rre<T *rtoto i (1717) to <£& ^sre^fai 

CWT TOC5 I 

17*22: C^fer$t^ TO^tto <2tor5t 

t^rto rewto 'srretos ^?re fater cro aif to 
C^topoTiT ^J^T<T TfTO ^<n srecs (11*11 ^C^tf 

s^i)i ^srer^i c^sftor C 14 <&itouctore ^t^tc^i srcsrto 
ton jtcr tores (1714) ^cro tore *fsi ^ i 

fato 3TO C^5?to *TWto SRSjto areffi *T5lto 

Sffrto i isres sfWI c^srfto to*f¥ ( Radioactive Tracer ) 
*rerfo tore ^ire torererei i 

«n«Rn w\U re cro refers Tsto ^toctore spmrto 
*tfiTS=ft aT?f ^to i ^<m cro cstos ^rat sn^rerctofs ?rc?t 
w*\ ' p t?^srr c i c^sfto sntocto fsrto to ctoto fsto 
mu sprrato torere wr sre*i c'r'Qsn ^s, ^T^rer vfc *r>t<t 
srtonttors. ^rasn*^ ssres sremto fatal *fs£® 
$itc^ i coertor «rtonri>T*t rere fas^ fafa?ro 

*nre i tot siTtoctofs ♦rpit*[^»i sre^ re*rora m ^i 
«Ttora-spire ^rens^ <n srere *TTSirei tos to fatare 
*m to* ester *Rrer*[^5T ^*h, rerere qft ^uu fa&s«i to 
cst j'tto *re ss^r ^5fi *fT<3?n rere -to i fata otet 
c«to tars (Physical Process) cto« resrfta facto mfc 
sore ^<fl rere *nre i towresm s'fto srrei 
sjt*tc (Diffusion) *rfOTre ^sts brj »a* j^Rn *fa\ aw 
c^srtoir sntorrcta Pb 210 (RaD) fsrfxr^ sits ^ j^rei *ifan 
#T5 tots siesj *t<ptos flW tog to fa^tto *fsi 

?[s i <£$ sts’jtts ^c'rs faff'd ?res scs croi ?n^n ??r i 
(Solidify) ?Rire *u re «ra*r ^ »irera*i ^fhn to reto ^T^n 
-pfr^ ^rc« rec$ to^«i f^rc^r^ ^^nrfre^^r *mn *5!to*iTOT, 
^ipri s«j c*x& Pb ai ° <&ii$CTTc$rc*f?r jjw cs^m 




fw 17 18 




^*ITC3 3T3T33 
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fcpfsss 3^0 OT^n ^trt i 43 pw 3t3T3 *fbn TOT^to 33T*rc 
5T3 *tf33T*t 3*31 3T3 i <?5©rto ^wrcSrra 3J35T3 w 

va^f^ *rf33T*f 3S3 m i 

fbfa^n-fa'gaiw i£l3\ 'SffafaHIW C^W C'S'Srt*<j*?l “331^53 

SON fac*ra 3g^TO!W l 3$ft3 TO$3 *rejSEr fafcj* ter3 
^totot *f3»fo, 4^33 ^itew *rc ^snfr <a| 

*i3ffes 35 ^ fa<f3 *31 m i C 14 srrtirmtfm 

3J35T3 TO 30ire-3tftf3 (Photo Synthesis) 3*OJ 33$T 

?3fesf to3 ctot 3 vs^f^s f=?4sr 3*3i 3§3 i 

eaTfifa, f^t3Ff?W srfTfa® Sffto 3*0H3 (Synthesis) *f5fto 
^3i*f fa«fe33 WOW C 14 ^fey(Kto?f 3J35T3 3^03 33faF 
a^tofs i 

to 3*to^ 3i m 313503 *tf33u© 

C¥TC$TSfT?*F3* *rsrfvstf5 <^S?faF3 fato*! ?3fff*r 3*31 53 I 5T31 *103 
cwra sjwj W«*T ♦rH *£t <sTC3 3<BTto 53, <ol *rfC3TO3 ®F3J 
»rof3 3*c*i afara c^tro 3n§prra>r*f Msre to <efc 

*m«fa 53N3 3C3J 5T3lil>3 to© 3T31 (M& “TO I ?3to 

333 *TC3 bl^lIijW 3f3£3 fro '33i3 s T3 4C^ C^TCTft5JThp<P CSTOj 3 
§TO ’STto TO 3T31 53 l C3 33 SRCT 3?<B© 5C3C5 

C3^ 33, ^ CTO fJTS^o fato 6 ! CS$&3 §TO Wlto 53 l fato 
TO TO C2li>fi> toto <P3^, >a| 513 WT 35C®?t torto 53 I 
<£l$ *rafTO ^TCitotaTSlT^ (Auto Radiograph) *(3if© 3*11 
53 i (1718) to ia^ ^atotoraw mtts 5RO i 

C3fe3R, Co 60 gf^fss c©®rtor ®rTtc3Tc$T*f 7 - 3 H 

3>TH3T3 ^aJTftf t[3TC3NJ 3ITf3 ?33TO3 3TC®r 35^ ’ftWTCT 313^5 
53 I ' i Ht*H < P 333 ?3C*T3 33CH3 C©®?!^?! *fWT<4 3R3~C l tC53 3F©^F*{f*f 
f5C*T3 ?3C*I3 ^P3 Tftyv 53 I 3ft CTO3 33 WT 3ITt35fS 
B?tol3 31 saf <3TW, ^T5C^ C3^33 §TO C^wto f3?^3«l 3f^s 
53, 3T3 TO! C3^f®T ?33^ 53 I ^153333?^, 3T^3C3® (Thyroid) 
31W Srf|C^ (Gland) ®rfe3Tto 3f*S^ 53T3 2f3®(^l C331 3T3 I 
3TI3OT53 S1333 3ITf3 5^ «WW8 (Goitre) I ^3T^ itft 



270 *imj « ww *ifara 


C5wa® 5tfros 5k croto I 1 ’ 1 qfetow tore cro 
^raisi^ to pot toi ^ra, topi toot si totoa to 
retora I 181 sn&torw «nt^cac® to 5to 55 i <st 
«ii^CTicSr*i c«w to« ktoi to5 to wia curaas cro^ 
fro$ 551 

tot 5 fafcwto ( aro 5cro wpira), sifscro f&Sro 

a?fe c5ito ftfrora ®fu P 88 restto sntctora 515515 «fsi 

55 I 5P?5 455 5feW5 £555^15 TO1 TO*F5Pf to® 5TO 
35 c rei W51 TO I TO <J?5® C555*(fa5 TO! C5 P 88 ®n$pfici5ia 
to® 55, to cto to® j3-5to*(fai ctora crow fto to i 


C 5 ffi toat'RI (Diagnosis) who TOf TOT 5 cwT'irf 



TO? 5 ® 55 I 


551 TOlf 55 5 CTO 5 Jlf 5 toTO W 


P 88 455 Cr* 1 , to^k 5 nf 5 from cro Na 8 ‘ 3^35 
5 I 55 T 5 5 is 5 TPf 55®1 3 likl® I 





181: ^psrl 

$n?^s csrofa ctoff t^fen sqWre toss 

5C*T life 5R ^1«RTW fe? “fe TO Cvslon OTTSR l ^1 
^sT<n TO c?*5CTO SJC^I 3OT TO HT1 I c^r ^ 
tos mm W^r aro ^rrt^o #rto && *rf^ to 
C^n ^rr?T TO3 ?froi 'SS'tTO (Particle Accelerator) sttct 
stfefc's to to i ^ ^ TO* totwj tottos: carfa, 

a-^m a<?fo &s *fo w to 

OTT®n ^rr?r i var^Tisi <^sjtr f$| ^tbwi *rrt*p cto^, *wi 
Wrosr, tffafaro, c^t<t^, srfecster, 

life to?tc tos mm &s *ft& mm to ^ i 

#RH WtTO aTOs? fa?T C3*te *5ffi ?P<n TO S 

fa) 2MSI esHfa TO^ #m?[fa TOGW1 *IW TO 

<5^ tfTC‘ 9 t *lfe ^T^*T TOf l TO^F^-'QTO^ faTO *|frofa 
(Voltage Multiplier) to *i Stotto (Van de 

Graff Generator) life cai*te TO as? i 

fa) fafla orihp? fofro 'CTTO3 (Linear Accelerator) 
TO Wtf *JTCa TOP® TOSs TORNl *1CT 

a?3OT TO I 

fa) *fero RFl# ^T*f wwi (Cyclic Resonance 
Accelerator) TO*? TO ca# to $ro TO TO 
afrfa (Spiral) >5fTO ^TO (Circular) aw aterc to w 
*lTCa «nc*f RSf% TO I afeT&T, #TEfa, frRftH&T a^ 
to life cerifa «raflfe i 

a$R TO Stf fTO* ®TOS ^TO aCTOR ^ I 

3Eftff fcsas V c^f$ ?sa, mjft caTfcr, ®sc8?r a^fo $$ 
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feFra&rts ^T'wi 4§; Ttocto a®iw V i-cs i aforn *fo? 

'Sf^ *7 I c^Cfl '5(t^^s "IT'S* i£|3I 5?f I Wtot 

(10 6 ) C5F$ *fo? i£W 4** ^IWTTOSt 

care fafararc rep£ sttstw sow i 

&5 fcWTTOra aw *rirc*PFl ‘P^iT *pgfan SJR 
(Insulator) ^rsisffl \ ^ ^ fa*©c33r a^TW *5M 

*Prrcsfa wsto *rca* 7m ^ set tom wr snfaw 
?srte^ ferok rera? ®ftw nfe *pafs *f®rai 4$ csrfta 
5R?5^ ^Rn ^ 5TS *n i 

18*2 : ^3R5^-\s^t?^ 

<FERF k $ «w (Cockroft and Walton) fciTMliJ 

(Step Up) ftcsrre aT$ afsrc^t fosqw 
<CT<re (Rectifiers) w (Condensers) totcsij afswffo 

&5 I VIST'S I 

(181) tar 3 tc? 3 a?<re*fo *ire<r csftfsw ^smt 



far 181 

afai'fa fo?rrft?*ra i 

a?M® 5 CBC 51 C„ C £f C B spffo ’pih tot^ 

(Capacity) spas *rRR*W (Condensers) csrfNw 75ICT **n 



stferan <53^ 
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i 3^*1 C' x> C' a , C' 3 a<*f® 3P5 sia?r cankw str 

’KfS* TO 5 ?, TO??! TOTO?! SIR ^R? TORWjto 5RR I 9^5 
TO TO ^alro^to afa^F® (18.1) to S x , S a , S 3 
a^f® ^FvR^fa i$5 a??4® ^jzm i isft totrj 

caS^ 5 ^ iwsmsi) ^ to 5 ^<n to i 

s^ta a?® ^ to^s Gretas aT?reff® (18*1) to F 
ct=w to 5 f«a^ 47 ft jjjtot (B) a?to tor, to %$ are 
C x tor 5 ?! 3 ft csrcfa awr *??n sros 1 sir ^?n to r 

S lf S a , S 3 a^?® to c?r© (Blade) a«iR frrar^ft 

tow ?rpn «ro 1 »s& to*to C x <w C x to 5 ? a?paR?r 
asrranTRT a^s? 5?r 1 to *frt »ai *nw V ?^^»r «iiT^\8 5311 
5 a 5 $®s ^ to*5tr C 8 to< C'a, C 3 to* C' 8 a^ff® 

TOJHJ TO^TO mwt C®fT?R asiTS^TRI a*^? 3$ I 

vg^FT tf? =3^to csre?! to^h aftrc^ tost to 5?r f ^ri 

C' x « C a TO¥ ^ TOTOTRT SR TO I ^S^ca C'a, C 3 

to* C a , C 4 a<i*aR<T to3?itrt sf^ s?r i to *frt C' x tor?t 
^t<r C' x TO* C 2 TO 5 ? ^>?l srcaj WfasiTR =tfl>® S?T ; R«fre 

4?!1 §®R§: F/2 ?3®R 5fT?S® ^ I ’a^S TO’TO c x TOCTO 

% are to* C 2 tor 5 ?! feat?Ri M to fro are? (F + F/2) 
TO(t* 3F/2 s?r i 

TOaR cjre ^srr^Ri ^?n s?i i sfrt C x 

31TTO F fa®R ^Tto 3R I C 2 TOR 5 ?! aT$ *TOH C a « C' a 
TO 5 ? ^><T TO ^Ij® SR TO, TO TO 4R<T arei^ F/4 fa®R 
^TTf^o S3 l t£W ^5^{taT ^TTO C' lf C a ^wraSIW 

SR^S* ^«TO SFC5T iflOT areic^ 5 5F/8 ^Tto TO TO I 
®ia?iare C^, C 3 asrra^TRi ^«to ^R?r areic ^ 5 F/8 
t^ro ^uto i *i*frc C x tow?t fRiraR C 8 

tjT?!^ 5 ^ ^aR?! an?R to \v + ^- + ~J ^ 7F/4 faro are? 

^a^ ^ i 

tfcma 5^(to ates toto w ^^tor?i 


18 
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« <3*5* *f?353 

B 3JTfr?ft C3C* SfTCH ®Hfr?C*3 3T3* csr®^^ STT*OCsr §at 33 ftfw 
5C3 ZFspefS 3T3 ?(tE* 3 C x , C a , C 8 a^fo qTW^fgffrF ($fcfrs3 
fa«C3 ^rf^s *3£® 3TC* I $mC*TC3 *[§C53 C3W*(feT3 ^£**<13 
4^3fa a?33otfT3 iRef 3Tsfar*3 *!T3*S[fcT3 affsJ*$ V ?3«C3 
snf^s OT m i ^ sm^m sfcasr c3T$ ?3«3 3T3f ( r£*3 csHfa* 
3T3**(fel3 fo©C33 TfSlH 53 i 

*2F* v $-*33Ta$W3 3PS a^oac* S Xf S a , S 3 a*fo y^sjfs'm 
a?33?6 (18'2) to a'rto i£)<F^ft*T3* (Rectifier) 

R x , R 2 , R 3 3J35T3 *31 53 i B 3JT$T3t3 

tJTR*&3 (T) 3J35T3 *31 53i frwfar c«rc* am 



far 182 

wF^-eirm^? fro fanrcror awfi i 

100,000 C5V& f3®3 *3331 3T3 I fcf*W$IBI3 C*R fjtftpd 
^r (Half Cycle) wAais *RT3T* 53, ott R x af33T5t 53, 
3T3 TOl C x *33* ^nf5$ 53 I *1333^ *rt***R*TCa ta*W$lM3 
B am «TO 53, 3T3 R a a?33T^ 53, R x ®Taf33T5t I 
4$ W3BI C' x 3T3* C x 3T3m *T3Tma *IV$& 5C3 Stfto 53 I 





275 


a?re^f R t 'Q R 3 ^?r toict C\ 'Q C 2 

aaproa 3PTsirs?rR:«T aqs? sa, to * r *\ C a *nto sa i 
V a Sjiroata U&zm “N^i ^as - i <£fesa 

ca«ito totort toi C^, C' 2 , C' a a^fo 
orffa* «nOT9j?eBT 5 $ m?3 sn:«n *p ^ asrf^ (D.C.) are* 
i 

TOF^-oroifcpRf aaa tow totcwi 800,000 reT^ frew form 
toi sa i acw 3rwi 700,000 a$s faro fcsasj ^wre *m 
I ^ iffe&a TOW TOJCWJ 3 fsi^RR rer^ a^s ?w®w 

^as to to*f ar^-^irstfaTO *rfs TOa-aro arswi to i 
ii^mw fcw &s isreffc awq-TOW (Accelerator Tube) 
ms srato ^t?r §*rew §acw acwia toi ^ i aw«Rrew 
®raw arcs ctoi^ ?w?sfwi ^as - totw ©f^rc acfrrsf'ftfr aa’jw® reta - 
?WTO (Ground Potential) <u*n «TO I TOW m to atow 
wro srTwa^fa to w ®mwf w §arw srcato sew 

CWS*5^ fflzrai *RWto to i 

w^to *[ea i£i^ <ic*fl‘w $jacwT?aoi gpr cacwre i 
18 * 8 : 

^Fj-re-TO 5 ,, fc^aTTO (Van de Graff Generator) sc^ 

TO (Electrostatic Machine) to TOTWJ to^F 
fwtor c«t®$ a4s awto (D.C.) fro fcw toi to i 

(18‘3) to a*to ^ to CTO ^fswa (Insulator) 
a«rrt (w«n cw*rc, wtwtw, fwcaw wwrw tow, ^©irf*) toi fato 
tTOWto cwto (Continuous Belt) 5ft afaTOT (Pulley) 
^w* cwTiJtww aisrcwi epwias 'snaf^s^ awi sw 1 afcfTOT 
(PJ refa-to;w (Ground Potential) «nre 1 srctfS (P a ) v£ia^ 
fSTO^a sftai ctocto (S) cwsca ^wto wire 1 ifft C*ll®Wft 
fcwrww fw«w ars Tsarcw ^t®? w^cw 1 

A i£i^1§ awto to totwi ^asg- 50 

cto 100 fron-c®ra> a^s Tto ^ipi ars jpan 
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<B C**g** afaSS 

(CJ afa*i^ tort §ara araro *wi ^ i fa®c* 

?[pr aragfai cw ^u*n-OT^«i ( Corona Discharge ) ^ 
ciit^, *t* *t*i * ; tt e i* sp® B c^c^u* '5TT*rr*T *fa® 

cfrc^p i :*:*£* af®* *k®i ; 5rr i rR $jva^*i ai* <m 



fra 183 

©jT'^-cs-stp^ ^ar** i 

2T3 (C 2 ) afa*T5t vcTC^^f *$ I TOT 

afa*Ti[t ®T*5{Ta* >jboT SflW TOn*IKJJT«M 3^ v£j^ £*:«£* ^U*fR 
«*ft ®T**[fai?r sn«oc5T to* S *t®* c*iwot* Safaror 
fcic* afaj® *!* i caTerc^* ^rr^ *® am, <$* f* 1 ®*^ 
®® ^cvs «nc^ i c9im^ ^?nsR oem tot 4* Sara &£* 
afasrrc* *tt*h af<e® arc* w 4* fa®* *[* fcwsviw afa ^fa? 
5 RH as* S[* I fafa^> ^>®*T 3fT*T STT# 3[*T* a* fa®* ^TT* 

*IW W I 

w fafa® asm tort totctj sn^-aw, (Van de 
Graff) 1*5 fafaram c®t* 6 fa®* $w toh i ^ fa®:** *t*i 
* fa® 4** <£|^F «fi*R*l^t ( *W1 COT^T, ®?TC&H ) 1*5. 

fa-§-c®i afe to i f®fa am 25 sn^-sm^asm ®n?R- 
a*maH i 
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v oji , t“C®"Sn^F s *nzm arc? ®Dt>®w fa® ms sh fa®s ^is 

<*& SCTO fato a 5 ^ fafsl® ^S“tftft£5ft i£i^ aifaaito 

*IJTOTS (Insulating Power) ^TO I *(S 

fa®w ^cws smwsr®i fa^d j^r lifts sffats*! ^ ssi ass 
TOte tor si CO 2 Wars toia *pas =n$dtar aim toi 
afa*$ ^tos toj sussr to sttoi faros 

(Insulation Breakdown Voltage) stft ^Ni 4S mi i TOTSia 
toto®i to ®ifcwrCTS wn 

are *F“i fator c®t^ a^s tor ^asr s*si ass tocs i 

^zp^i>-*3?rtor sras sra ®n^-(^-5n^ v Caress ara fro 
i£i^ 5 jt?h teas arcs acsrn s*si 5ft i ^t?r^i 4s^ ^ fas 
ST^Taa'as' T SS^-TOIS (Accelerator Tube)ssi ta afsss*! 
TO c®fa toft ( Ground Potential) STftl *TOSfS teft 
snaf®® ?ft I 3s a c £®“ 'SH’a®*! ^TCa <4S1 ^a^T fa®CSS 
SJTSTS STS1 ^fa® 5ft I 

apato s^Tta Sjtscpt (Tandem) asif® sjsto to sfcasr 
faros toi sfs® ftfa^m af??s fa^«i “if?? a*a?T ^rrfa® stfasi 
arcsi a^s TOC? i <£& asif®E® asrs ®i^-c®-^ §saras*s 
aTsrcsJ ias^ sitor* toto sfs® ?fsi ss i «sft smis* ?roa- 
*[fa sri^rj stones teto 5ftift to ^tto asasr ^safas* 
feastfn afa®iN to siarefa® 5ft i <£isas ca^^to* 

^fTSTS SfcaTO^S SICS! SftTSI^ ?5f\^STCSS faC<P faF£S ai^M 5ft I 

toi 'zwvx *if?? fa^i to to i $$ asif®c® 10 fa tor c®t^ 
fa'SS §*a?T TO 20 fa-^-C®l a^S “lfaF*IT5ft CaTfa SI 
aTOftl TO I 

s»iH s -re-5n*p s fcsarcw* ftT5TOi sfa® stfsa^ffa aTSTS'r®? aT?r 
a*afi®TCR aa*lf?? a*asr 5ft I 4OTS “if??s fa®S«l (Energy- 
Spread) ^ s*a 5ft i ^ fa-^-c®i *if?? a® 9 ^ snscas “if?? 
fassess afsro m 150 ^-c®i si® 5 ft i «A asses mz-ossm, 
^T5ftftl fato “lf??-3T3t (Endoergic) (fts*B^-f^FTO 
“if?? (Threshold Energy) ^ fa^a«l W1 TO l 
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« C4*B4 

toi %*fo?c 4*54 fata TOta ^Rfbro 4 tr? «a§ tort ^pto 
faro to §*OT9?t i 

18-4 : forf*T4 

4£r5\$-'e^Ic'|i>H 41 ^5JT4-Cv5-3T4 S ^‘4144 TOI *[4 fa^54 ^*RT 

4R sufa^ 4fa4T*(?TO 44 4TC*I 4§ faTO5 mn <?fa^ 451 

55 i <a$ ^fv©?r jfarcwi 4^fa«n sm r 4$am 

faro5 2TO *tTfa*nta w 45< toi 5 fafosr ^354 to< fafare 
stcto sra<T«i-’4srei fa^ to to i c^srj 4^ 45R5 tort 

TOOT 4C54 fa-^-C«l TO «fo TOR 1 4fa4T^$^TO 451 

TO 35 41 I 

*f55vs1 *pt ^x»Tfa \5 fata WfTOI (Linear Accelerator) 
31441 52FT4o ^n*f SSTOTOT (Cyclic Resonance Accelerator) 
snf^s 4?«t4T^ afa^OT ?4f ?4f *lfa? 3?^ 45C® 44^s TO4^fal 
5m ^fvsSrST 4t5 45< TOCTO *{4 *1% £1T$ 33 I CTBRJ 4§: 
tyl'©Ul TO! ^ 9 f , 4T^5 4^ ?4TO5 ( 4E54 3T^T5 C®[£4 44 5^ 

c^f£ ) toot sj'fo 451 to 35 i 

fata ™ *fasm §grfavs 4OTT §^5OT (Wideroe) 
TOT i tot CTO 44^ TOR (D. H. Sloan and 



fra 18-4 
fa?*T4 ra*!4*ff I 


E. O. Lawrence) to?f smstaR fa^Mta 4§5m TORI 
TOOT 44*p$ TO? «fTSRW 1*26 fa*^-C®l "iftBPC® ^fa$ 4TO 
34 \ (18*4) ta 4§sm tori 4T^2f c n«^ sr^^ro tocs i 



asfofl aaaa^ 
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foa care mi ^t?t ca $rraa §^ca §«:asT TOa^ aaaa *i*a 
amrca ’STta® TOa^ caaaift® aaR TOa (Drift Tubes) 
w aaraa aasiwai aw ataaaa to i saa, f®k, a^a aft® 
zrcaa asi^fai aa^ataa a^w a®3[?? arc^ i3a^ ifl^Taw 
ca®Ta-TOiT\^ a*a?T ataa®1ta®a a<w® (R.F. Signal 

Generator) arcsa (Terminal) asw aq^? TO 53 i 
^raaawF fa®1a, 5f«f, a*& aft® c®nf sfcst^t asr^lro^ ^^?? ?a®^- 
a*re® (Ssawwa ^aa arcs a^<? to sa 1 aaaa a^to Mi 
gpa-afaTa awi 53 1 

.cm w srcapaa apa at® catro 10 fatoa a*aT:as «aa< 
42,000 c®T5$ ta®ia (Amplitude) a*aPT ataa®1ta®a aiaTO 
to 5311 

ata to are ca aarare sjTaa?(ta aaa aaa aare a^i care 
ta®k =tc*i am to cal; aaa ta®k aat> aaafSa areata &&®a 
^rar^r^s ta®a «tt® ^ca i a*re a«T ^a ; sf^® 9 f ara ^aia aaca 
aarere ^rea^tcr fofft afs? «r^a to 1 afc V sa ataa®1 
fa®rea toa (Amplitude) ®tto e « a*aRT snaaasgs eV 
atg* *p?'a to i k®k area aai to ataaaa aire snaa^to 
CTO at?? 53 ai i a?aa®1 ta®rea TOTTre (Frequency) 
»aaa ®rre taafa® to sa ca TOa^ta aaa k®k a*r care M® 
53, ®aa fa®rea tre ataato® 5 % ^ f ®k astffc k®k area 
arcac^ §e&®a ware ta®a aT® to i ^a tot ts®k asr care 
f®k are tor*i tost srTaa?[ta TOra sF ataarc aft? $r#r to ; 
*i*fa ‘APR at?? 2eF sa 1 ^ to snaa^ta §^&®a caw f®ta 
asr ^t®^ ^ca 1 aaa ifl?n f ®k a«r c^iw ta^f® ??f ®aa 5f 
asrfS f®k acsr?r arcaw te®a <k®(t^ ta®w ®ut^® ^ 1 <£i^ 
®rca ac®iTO?T acsR $ra3®1 ^Ta ^t®?^^ ^tcsi ^nia’jta eV 
akaia ^t®k^ ak? ^i#r to i ca cro acaa awi aksaa aicsr 
TOa^to at?? srakaf®® arca* 1 cac^f 'snaa^tsr £paa*kfa at^ 
a^^ica tat®sr aisR srj to atasaa to, aa aa «?rta® asr^tsra 
^<3 zpaa^sna aiai • acam 53 1 to*i ca can .ataa awi 
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arog « a&r af?ra?r 

TOtfra atora to afaro^ farora (Half 

Period) TO ^am araTSR, TO© to caw Wto to«T fTOCTO 
aWvsS TOF TOT I (MZy <5??T© ^fTOTSjfSRT CTO iflPRT 
afa^T atfspBT ^RCa TO^aT?^, OTTOZra TO*!®!* 

&rfe Vl, V2, V3 a^fo TOJT^frra tort 

acroR ^ i 

C&H <£R\ TOTO a^TO^ ^p\ ifl^lia i£|^® a^CSQ^f >il3.l(.aj 

2*8 fa-£-c^i aft? fe*as ^rac© astf ^ i *^8q m& 

^nfswfiWl fTOfaRTTO ^II«t^TW©r (L. W. Alvarez) ?!T©&ik*l® 
W*|-TO TO af© (RCTO 200 W5RPT TOT^ *Pa^ 43S® 

l 

tor-^w^s (Oscillator) ^TT^rc^n toto fes©* *fe ?[**m 
CaTfa^S fcsaPR TOST I 3*P® ©JTsj-C\5-5TT*P s *ITO<T aT$ 4 
fa-4-ffsi a^a?* caTfa^rop ^<f arcs 

^to*t ^?ih ss i sms ara ^ 32 fa-|-c®i *fe toist caifrr- 
^ fas^© s?r i ^ to care am caTfcr^TT “far-fasraa (Energy- 
Spread) *nre?n 0'3 ©Ta sira i can^p^s aptf-fa^foo 
(Lateral Spread) <p^( 5 ?i fcwr carfrr-aTO^ m ara 
0*5 sn^i-^rastfaro arosi m i 

a?ra^ *[ca srrao ^safis 1 caifa^ ^asr ®?sn 
ifl^S&a TOW® TO ?ST?SI© 5* I ^T5Tv51 *T*a?T §C*resR 

^araro bri-g to^ fof-re wito fasfci ms 1 c*tetof 
TO^taf ^ras?-R®re (Wave Guide) ^5 kJ 4W 1 

CS'ffa TO Wf© ^itsrfTTTO ^ITOFT^ fTO?TOTTO faftr® 

scot 1 Qk otr aTsrrei m *®a reT® (IO 10 ) ^cto^s? c©t*6 s\ 
*?*r fsr-|*c©i "fe a 89 ^ §re#sr ^5 aT^ m 1 to® ara ^ su^ 
m\ 1 5 ® tosot sn:«u to®tt Mss to ^rfara 

arre 1 ^ csHfa *n??ra ^ 1 ^ a^^?r ait«iibHi 4 \&*ih 
f^ra 1 

18*5: Rt^Ftt 5 ! 

^00 5TTC5T ^Jlfiiprfro ¥wT«HJI®IORI TOa^ »TCTO (E. O. 

Lawrence) ^ to TOR 1 aaTOffTl sns 
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’ffesFTGfa src*s?r ^T?R^foT «ncn «mm *rf*y ^ i 

'STRR^s'f i£l^f§ CblW C^*C5iT 2I«TR ^^foT 

(Spiral) *m ^asi*! i *ffe<ptos suftwia c&BQ-Umum 

srarofoa to «ii^ «rora *t*rr^*f i sjt?^tc<i<t srj 

^CeT c1C<"'>l C*ilC<Joi *[*Wsi SITSf 5R I 

(18*5) toa ?n$m 5fteiter?r stfrofe 3n*n m\ m \ 
M fowjfo* gW ^ISf ^ C*RRI WX ^ stffSFFTS 



far 18*5 

5fT^canti?ra ^i^swisfl 1 1 $to *f$c#iiCT?r 

2 T5^? <3 srtcS 3 , $W C?*fH 5^5 I 

to* *T*n en:^ > (18*5) tos to a*rto D t , D a 

^ &<ne?t D ‘®t’ 

^T«m (Tf'Qfn s?r i sto* ^ simSi w 4i*n «pftOTT?r 

^T5 I SpT<T *Tfa* 5JT*f$1 c^tcto.^ 3=rsrr=T to *toi 

5j, «n$ ‘®t f tfR ®i7ff\o W*ra> 

5* i isot* Qw>j9f£* ^jptt^ £<^j?^ s^rw* (pwww* *ir*iic*fe *ww 
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1 'fet* ^ *RP»TC3R CTO 3T8?*T® <TO 1*W 4C*R TO <R®R 

totr* jpps^ fa®*r aram j^r i ‘fet* ^ to® 8 ! 

sttor <3 S5 5TOT ®IT?R few 3TC1 TO I ‘®t’ *|fa W 

stt?r few tR?r ^5m >p^ $tt*itr?t to srcf’s® toi 

«rra=T few CTO ^8^® *RTW SRR^T ( 3*0 Carfa, V5?R^^=T, 

CHftffl ) c^T CTO Wf& ‘®V 43 (D x ) f<TO3 TOI TO 
fof af^TO *ffe ®rsf^ TO 43 to aC3*f TO I ctfw crow 

2T®TC3 «JT?R9[?<rl D x 43 TO 43*1$ *tf?5TTO *JW ^faBSR TO I 

«afe ^so D x 43 ?3®3 a?33?®® tots *1^3 cto 

•ffcRfeR S3 in I 3T3*I 3F? fafa® #PT1 ‘®V ^Tfff ®ft$WTO3*fa 
(Electric Shield) to TO i stffSTTO m 3tf®5R TO 
, ®!T?RS[fa TO D x CTO W® TO ‘®V ^ *t?3TO 

TOTO3 TO 3C3*T TO, ffo CTfe 35TC3 D 2 D x 43 JflCW 
fe^®3 tow ?3®3 5it® to, ®ttot 'TOR^fer 4 ??t3 toto 3J3*tr 
'5f?®2f*5j TOiT R5JC?r ®TT3T3 ?^f$l «!^T TO I »|tSR®1 

fa®E33 ?3®T3 (Amplitude) V S3 43* e SS *TO?[fcT3 <TOH 
®TTOI ^TRR 3^f ^ ^fTsf® *[fisr3 ^ifSRR E V S3 I 

D a 43 TO 3fT?R?[fa SJT3T3 C5^ CTORT a®TC3 «I^T?l?f 
*m ^foOT*! TO I C3CS^ 4CW3 4*R *fcfawi C3*tT S3, 

v£H?R *ltew aCSR 3JT3T*fo *1^3 <§®RT3 C3*ft S3 I D 2 43 TO 

*tf353«l 3TO ^33^3 “tfTO CTO ^33^3 ^?T R1 I D 2 CTO 

?3*fsR TOT *T?33€1 ?3®C33 1W 5TT3T3 *fW?®® TO 3T3, 3T3 TOT 
D a CTO D x CTO ®TT3T3 eV afiRR *?K? 

TO I 4^»TE3 3T33T3 siTCRSjfa ‘®t’ ?t?T W eF' -sfefT®! 

<fc?r, *rr?r ^c=i «fl?n Q’St^str ^r*fp5RT?r 

*KK ‘®t’ TO *fa55f«l I ^<K STTSR^frr QR-2T^R e P t ft5I 
r? 9 ^ (Spiral) »fOT ^rtora ^^c® w® wctct ^ fee&*fa? 
to ( 18‘5 far ^i) i 

»rd®8 (ilfe ^f®^ ®TT?R^f5fC^ ^tsT® ^TO TOT ‘®t’ 

8l*TI^®^ ^TR »$8R RSO 2IC^*T ^^T® 5[R C^T ^^C®> 

<*PR STCTOTfT ’(hR®^ fec^®ST TO iQW SOT^T t*TW taT*fk 
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i srtfre ($ cto ‘\sV ^ sic*ra ^^tto *w 

'SRj $TT?R9[f5(<J ($ >)V|?J ©iTC^T 4I£«fiI 

(Half Period) ?m svm sktor \ 

TO<H *%Ak OTFlfe <X ‘vst’ ^ ^35*1*1 TO»f TO?T- 

?[?to *rfay *rf?reft3^ s$m \ to to mm w c^t=t ^^5 
'&’ 4<T TOJ e sttto w*m toot <?w v s$ ^ 

*itoM *w$ TOtf r s$ i ^ cto?t sir h s%, w 
^ M 5?r, , ©t^t ®nsRn feRtf© *fTfa 

H™ = Mv‘/r 
' c 1 


i£)*TO H (£. w. u.) <£K“ e ifl^C?P 

(e. s. u.) a*ptf*r© sms i §*fc<ra *rafa<rc cm *\\<im to 

r/v = Mc/He 


$fT?R stffSTTO *f«T *[?35TO<T ^T £JC?TT®fRt?r 5JSRI SU% 


_ 7ir _ nMc 
v He 


(181) 


^jxss *rara?r to tori tot*! (r) *n cwra 

(^) fcro fa^?r to =n i TOR3T SfffTO (e/M) ^ 

TO i stfrc fafr'S e/M ?{**m cto t sf^ ^ i 

*rf? 4<T TO *tf<T*F®1 faTOiT ^<P S9 R ^TCTO ( T /2) *TTO 5*, 'visjft 
'SfTTO ‘ 5> fT^ 


7tMc__ T 
He 2 


(18 2) 


CTO1> faTOS (Frequency) f=l/T $$, $T©^ 

'STTSRTl *1T^ 


r He 
* 2irMc 


(18*3) 


(18’3) mm TO (Resonance 

Condition) i fa<»*T «iw* sinR^TO TOto?l TOI 
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tot assies ‘\st’ sjssr *tts tos ?tto 

eK *lfon*l “tf$F ^r S^TO I ®UIR9(t®I sfcf CTT$ n 5R*fF? ^ 
‘^' sjssh *ira tos as t €\ > aT3-3fte fc*iM ss, ^ttot 
4W?r sfars *j?^p mV to i sfr ‘©T ^$?r sjtM ss R mK 

V m 5$ '5TT?T»T *F§^ ^f®rs ^ C<PT, ^TTOT ^T5T?ri aT§: 

H£v m _Mv n 
c R 


_HeR 
' m Me 


(18-4) 


^ttsh^is *rf<? to 

E = WvJ = ^0-" = WMR' (18-5) 

jfsfN^ (18*5) «t? <?rai sts cs sssiaf^s sh ‘®t' 

SJPTTPfa ( Ml* (Stw OTS SJPffitfS ) §as Ms to i 
§^sS “fa? C*iff5 TOT C5f?R SlT^l STvSTtfs TO I 

*TT§C<M&?i SIS^o C^fas* CTOS’ 5TTR *f*I TOTS *im (Gauss) 
*wsi ^h< 3 i (18*2) ^rofospis ?TTTOn ^ ctfw 
CTOS 5R1 SOTBRts *tfss^f fs^»S Ms *FS1 STS I Sfr 

s?s^ sns^fcr caifa ss, w H = 15,000 •nT'Q^r ss, sottot sttstsi 

r_ He 1‘5 X10* X 4'8 X 1CT 10 

7 2ttMc “ 2 X3142 x 1 T 67 x 1CT 24 X3 x lO 10 

= 23 x 10® 

$$ TOTts* CSOT TOTtes*! (Radio Frequency) jpraifoF i 

sptfrc *nsfcc$tfws stttotj carfo si srjhj sttsr^to sftrs 

S J SC'5 ^c®r cs'sis <£is$ $?$> fs®s-fs®Ts ^pa^ s s *a ; Hi»saT l ?s y 

(Oscillator) sjsto ssi totsr i fs«s-fs&rs (Amplitude) 
^ &5 3[S, W^5| 5K*fl<F *m;a siRR^fal TO I 

^cro sns^fac* s^r a«r ’ita c i s*sffo ss ; 

CTSRI Msia 5TTSTCSSf«TO srMuJPI 3T3^falS *TO»I *KTOS TO 



- \ 





r#~'~ 



fw 18‘6 

5rferSw<r «nwwf6ir i 

(^jtf*wl^rt fatfwt*ra j«i, *wf*a »ihfpi 

*ntroiiNta wNra «tt« ) 
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ca^faa afaya’caa asrarsT'Q aa 5^r i fovsa-tasaa 

*nm*vs s 10,000 caw 20,000 <&?fi w sa i 

TO 5 *! aw Ca aT$TTOT?ft aT§Ca$a toa ataa ot mfaa 
caam ana to am 37 5fo, am 94 cafa i to $m 
^s^iaarca to afegaSa fato $$, am toa c*ram to to 
am 60 $fo, «r<rc am 152 OTferi »*fc awra arnicai am 20 
?a-§-c^i *r^? a*a*T \satSaa «w am 40 fa-§-wi a^ass 
<x-afaai areai am i a©arca ^toa fato cot tow 
afemta Wto 5CTO i 

saa «rf^ st^a aam are TOa^faw a&cga&aa csfaa cam 
caw tom aca «flPT cw a?TOa a^am a#^i aai w i 
»a$ tofc*n »siaf& ‘'Si’-wx ^a aros ^afc caS 

(Deflecting Plate) ’STto enw, am §to ■afawa ^ai am 150 
tawi-cmm* fama amia am TOa^ferw miwa ^tfasaa aa caw 
fagre to aitca «rrsn ^a i $$ mica aia TOa aaic^a aja am 
»aa fto-^torm afoto i 

aitonSa caw ca TOa^§ aT'Qai am ^m am 1% ai to* 
ca*ft “tf^-toaa (Energy Spread) «nw i tom mn^-c®-5na v 
§sTOa caw caafa am aa*fa? TOa^s ami am aiferta 
caw mi aT'Q?n am ai i 

(18‘6) to 4afi> aitanteaa ^rnwrr^ far aato tow » 

(18*5) aataaa caw crai am ca aT§cgnta fawa to 
aaw $rmcaa saa gfa am i a^saw? ?af 150 cata «na^i 
<^a to a**i?r atorfa tom aam ata a*na ^rsam ^ ca 
^a awr TOa^r ca torn aca mm aw ^ncata^wraif 
sr^aml ^oTDta 1 % ai to* ca*ft ma-^fa to arw i (18'2) aataaa 
caw caai am ca afaa^f fama TOcaa TO^caa awj ^^am 
a^i m*ra§ asa aaa ‘mt’^faa atai TOcaa ^*fia^a to sFaa 
aTW i (18*2) aafoaq ^ a m t ^ ^^Ta^a aiwa aia TOcaa 
^caa toa toa to i ^caa ^a spaa arw ai i ^a 
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*RraT«l « TO afca afass 


afas&r M=MJ Vi-p 2 ^snat sc£ i $*m v/c=$ 
caai scot i (18*3) asfteaa cac^ ^ms s*"aw 

' s> tT'Q?n ara 


/ = — ffi : - vr-^ 

/ 2irM 0 c V1 P 

$r<TS caa *rcca ^Ta&r f gpr arc, are ^ ^n*f 

a^s ?ff^s sre «n i 

af^aca* sus^re ^ 1% si csat araiaa ^j.w^z^ 
oti sr^Tt? «i^ aan ^ai ass 53* ai i caTfcr, ®scfarc w 
a-s?«rere ms ssiro 10, 20 4SS 40 fsi-^-c«l srcaan 
afec ; ® is^sra acS i ^a^aca* *[a wm, ^ca^icns 

ms sirs 6000 ^-c«i «rcwi &5 f® 3 afc?s®§: ^sra sc£ i sj^src 
ai^cgata wwi ^c^sfa ass swaraft *rss 531 si 1 

18 . 6 : fa^j-at^SIFtlN 

*i&8<i S!TC 5 T sOTfoFH fasRt s(E. M. McMillan) 
<flss ?f*i f^sanfl c^ppire (V. Veksler) ^©*s«tcs <??aH cs 
ar§CjFT&?re aTSTcsT caTfcr, ®scij?h, a-^rq^i g^vs ^srel ^nscas 

^Nre aca ^acsre? afossre ^ ass, afa afs 1 cssre-ss'ar^ 
a*^ ?s<®css wire* zpaas gTa ?psi are fwi afr criw mss 
sun asicss a^ca s^as ?rai ara 1 sacro casts wre* 

Tasfare aftcjMta* (Frequency Modulated Cyclotron) ^Tsn 
CrGSi ss 1 favsht cs*Ha s*sff aai ss laaffrift* (Synchrotron) 1 

^ casta tort s^asrat frp»s *pca snsnasicsa aters acaa 
Vsi-* 5 tfsr (Phase Stability) STas* stfia §aca 1 cot* fc^afisF 
a^asr fracas s»a cots asca atss'fe® 5$, ai^aa W*nd csta? ms 
MW afe a'asr c^r snsa faTW a^aca ators arec® 
arcs, afc ssacsa «ns^r s^arcs* w a^ afsasl fascsa vara* 
asna 53 i 1 ^ MW a*aa arT?Rf§ srsr ars asm 
?ifpf r ®|»-fs«s *fn sttsr atc^, ssraca af^s c^fh a?sa®n 5a m 



Slfcm '? 3 e TC *3 
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<£)^ ^IT?R^ TOT tJCST §3? WaW STT^T aTC3 l 

$r«frc 4FTO wwtf *$ii\ ^Faa (Stable Orbit) ^n 

m i 4*rc ^ftr c5hr^ cm s^as m\ to ^ a^s? afsra^f faroa 
^*«>fT^ gr^r ^i ?rr?r, wi ^t?t *Fa»aw ^is® 

aTc?f «Ti i •£& stcto zra-^fTO *raaw *to^t <p^ «itto i 
qnpa* as «itto *irawa afe's ^ ara i «a?r 

<ft 3 «i ascsft cron to i «nn to c*r afa^sl faroa .^fi^ *Jtar 
tftei gpr ^ 1 ^ tot ^rat TOata ^roa 

5 [<fsf ‘vsV-toto* «apr ^a? 5 ^ 53 , wr afsa^l faTOa to *pj 
SfiPTO ®[5V( otI etfC^ 5JT?R^ VSTB^I afaTO “fa? ®f^7 to i 
afs? ^?r ^to tot ‘torIS to TOt waw to^t 
*ctc?t ?n i ta1$ to to?£ sjjsa ^arsa *$nft ww tot to, 
*fT£va 4<T TO^ *F®aR^ fo|D»l gTa caw a^ faTOS ^"aTOTI 
*KC*l spin ^ciT aflS l <?TC£^ ^ ffsias gPT =$31 53, 5 ^a 

^a»aca ^TTTO TO<3 TO^IS »lpfa s^o TOT3 afe* s$r*T m@5 «fTC^ 

4m ^srnr'Q *$i?ft wata sc«r to i «£i$«tct ^*aT\^ gTa ^to 
*$iM surf* ^toi^s afa? *f#R to - jfto^to ssrat waca ^rof^® 
SF5 *^t* 4?r ara afro ^abg^ 5a i 

isfe jr-pt 3**arc?F-fa#a$ ( Frequency Modulated) faOT- 
atoFT&aa ( Synchro Cyclotron) ^fS toracTOl *$ 5^ ca 



fra 187 

?»n j $Tbre ^5^1 anan i 

to*t waw* *Fai-^fawa 3 rj i£i^ sfi^ratewtera ^<1 ^TiFr^i 
'stpt af^n to af^ to i (18*7) to A fay m\ 


288 aroj « c^»g^ 

toto 5TO faTOS TO »ffT CTO 5 ?TO fto *KC*f 

ZFsp*jg 'TO'G T^lTvs^ ^ l ^T?RS{?«T ^ ^ 3TTOT ^-TOTO 
aT*T ^?T v oi^C«1 ^TSl C^H 5t lT'G* 'b|4r«? *fl<PM ^T?ft <p**t ,9 fCQf $IH^R 

ero* i 'smaTOF »a^ ^nro qf* si?wi A' to toi toto 
toHrTO ©t-TOTO §*fto $$ TOC«T <£$ TOTO TO 3TO TO 
Pift fafft “fa? «f#T TO i£W TO ^ TOT I TOT 
'SjH^O'T ^I?ns Sf^ 3[C?l ^TH TOT?T vst-TO*ni?T ^JC^T 

-<£TOra <srajj c^te c^tar i stfrc tor to c*rf& tojhj «it?r- 

^to *rcc*r snrr »ir$ ?rc?t A to toi toto *rro ©I-toto to 

5$ I 5Jr[3ft*f ^ $fT?R vSt-faTO «pi S'GTO ^j^ej TOT 

to toi toto wm v&t-TOTO to *$, \stot <?# faffr *ifty 

$.RBI TO TO gPI TO I *K«T C*ffi> a*''©''©?! 9 (?\sCvd 'i>i!<I^H ^FC?T 
TOR TO TOTRT TO^TO 7 \^\ *ITOT ©l-TOTOfT ^ I 

v£l§TO3 A *T1 TO frtoTOf f^sy^ta TO1 ?JTOt?*T 5 faTO-*t*TR CTO 
TO*? J^-TOTO ‘TO 53, TOI TO’TOiT 5TC*f TOR *ltoR 

TO I TO TOT faOT-^fepT&T CTO 5 TON> *f?3TO TO!? 2RT5 

tosi to 5 s i ^ttotof (18*7) to stfto B *n to 

toi toto t rTO ( to fro ^*Mk «irc^) ^-toto 

srtositot TO^fro cro 4§?u*t ^irosrei ?n£ i 

^REFl-^rfeptoa (Synchro Cyclotron) TOI s TOt 
R^TOR 5T^5TR gR-gPiRl'R WT Stfa^fa *fc? ^5f#T TO, 
'{Jl'oTO <£K?TOi RFTRS 3 1I^C5 5 T§C»T^ ^«1"1T?T ^RR^teiC*? sTOf^ C^“^TO 
«iw^"i? ^ i ^s?fK ^Tfik ‘^t’ f^c^?r f^siw 

(Amplitude) ^‘TOTf^ ^I^n TO I ^ TOT 7nTO«t 

^ntc^sto (Oscillator) ^ito frwffl- 

^nlcfFto 4iwr^ ^ ( T ^ to ) ^sr^i (Power) 

ST*^ ^?n TOT I frftCZFl-*! I^CjHaCH?! SIWI 

TO^sTO^ «FRR *IF» TO, ^o«R TO 5 ?- 

«n% sjtr t?pto to TO?n ^?r i *& 
*TC?T •ii®*? ^TRn?T?T 'isW'sH *„[‘S® ^?T l ^C^CIT ^iilH^t^T 

^TO 5 I TOT *S$X*\ CTO 5 2JT$ ^T?R 

aro tort*! »n^PTter $*iro (~ 10" 8 ^ i 






( BJjs fclia ik3 

lr\.B.Us cvfcjbto. ) 
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^rrc3?3$T3 3>Trt«wfa3i faafawmrc;?! ^£3^*33 ^^mro *faa«f3 
f*KCZFl-*iT$C$TfrT fato 53 I 4 $ 3T^to 184* 31 467 (Rfa 

3*as gw 3135 m 3mi 53 43 ^ 43 w ara caT^iT^c^^ ater 
am 360 fa-§-ff5i 43 * "its* am 380 fa4$-c®i 53 i 

tom to <?rai 3m C3 4^3?a sfepriSw 43tfi> catos* *$ aft? 
sp^t 3mre am 208 fasfa *rfa a«r afa53«i 3*3^© 53 ! ^amre? 
frrcnFT-*n$wr&« w grom <3s?sr am 4000 fa \ a3*r®1 
*[Whr T^tw too srcw^te toaFi-3to3gm fato 

5crosi ~ ^Mfa toi $503 frrcsFi-5n§C3FTEfa fato 5C3C5 3tfa3T3 i 
43 grom 3JR am 6 fafcm 43? 43 cto* 680 fa-^si carfa^s 
arosi 3T3 i (18*8) to 43*1$ ^«zFi-»iteFitem TOrofoa 
mto 5mt^ i 

4«m?T toiTOT9n <m 35*a3-^aTrom totw ato^3 ?n too 
&F53 afev© «i5pntf *F© (18*3) 3too TO m3, 3fa 3JTto3 3?E9T 
afa3*faafo <tfw ffRT 3J35T3 3*31 53 I 3T^to3 TOJ TO633^ 
TO39[fef 3<© C3*ft ate* Mr3 TO, TO1 ^3 3JT3TPfa 3*a?aE3 
afassm TO I W*Rm3 3JT3T*f ffai3 3^91 m?3 ^3 ^ am I 
^©3R 3IPlfa *OT 3fa 433 m3 H ^fai aT3 C3 ( H/M) SP33* 
3TC3*, '©TTO (18*3) 33^3*1 ^mt TO39[te3 TO63-35»aTC3* !F33* 
sitto i *a^vss 4 ?to ato^f ?3TO3 3*"aT?3* am*? C3ta to3- 

9{teC3* '?to (Accelerate) 3*31 CTO aTC3 i 4§ a^iTms toTafa 
3T^cg*TEfc33 3T5TC3J af3363afa *1% 3*as (Variable Energy) 
^T339[^ aresi 333 1 fates crow 9 ^ 333193^3 4^a 3i^cg*T&T 

fa^T3 3*31 5C3C51 3*ate 3FfamF5m 4^ 'SfT'Sfa 43*f$ 3T^£5FTlt 5 T 
fa3^TC®I3 TO “[3 s 3OT5 I 43 3T5TC3J 60 fa-^-ffel a?*F 3*aS 
cai^39jeg §^as 3mi to i 

18.7* ftfetlN 

aiS&PT&T 31 te<KFl-3I^Tte3 3T5TC31 ^OT3*t3 *53*1 *133 53 311 
■^ma ^ssafe c*p(.q ^roate^smw ^3 ^fam afa3ia 

cai^r a^te «33R3 ^S3T3 55ICW C3-it 53 I TOlfaTO fa«Hl 


19 



290 aOTJ <3 WTO ato 

( D. W. Kerst) **>8o arca (Betatron) rtct 

'sr?®*^' aw sutom tor, am ^TT^rc^n ^ *tf^? 

S&TOll'HJSj! Sflga i 

«SW fa-£-C«l ai Sl^a *fa? a*as $CTOtom CTO ^IIWTOT 
CTOS *{a TOT$T?S S3 1 ca5RJ ^C^FCET *T?<F *KC*f ^CTO&?m 
W*l *{5 <3*ft af*m?6® *3 R, OT am I 4t&TBt=T TO 
fewfasjfa &em a®rca faVS aMtf a*asr ^stto 

a^aca asca i a*p? cb)^ crom sir br*T 8 a^ai 5m, 

arc® abacas aw to aasaRCblro c*wm (Flux) amas 
am i warm wft^pafa ^Tcaa *$ ( Law of Electro¬ 
magnetic Induction ) vqqrfh cro s*»fa aw to aa5mR 
Cbtw C*¥ffWW 5RBRT *rcca a?<m?®® TO && f t»ft?T Real ®?®s- 
5TTO aw ( Electromotive Force ) stfa'S ; to* <aatf£ 
5m 1 

ajrfa'ecrom ®ft£*pafcr caw toawa 4§sia ®?^*- 

c*FKm §*afe ftoa §aHto §am tor to r i to* 

«srr^ ai ri aw, aacaa a«a cstocraarai aWw to >m aaca§ 

®f®*ca 5 ® sj^j 5m, mrr?r sicai ca>R ^it? 5[® $$af^® 

aTTO caft && cronr a®Tea af®*?tw 5m 1 alfrta atw <a$*a 
aflfaS ®ft£*crom a®rca fewtor^w *Tfe tor to i a®*w 
csftw eras rtr ^ cac® anw, £cro£a*[?w ®®a*i to aft? 

'S^H TOT I 

^cwtor^fw > 5 ^ 1 ^ awar^ 51 ^ acwa acw ?af ( H> anaitf a*aw 
waca «iMv8«i tot 1 ^ ^aw *c®irt$* (Dough Nut) awi 
pr 1 c®i-toa tocsr sT^ra *[s tonca ?u«n 5m 1 
w®a ®f cto to® IcTOta^fTO am 50,000 c®m> to* ac®* 
ami 4 W csirtojs acw w*[aca*r $sr 5m ' c®i“*rnjfi> 
£wjjto pm toa ^uf?® caamOT toi ^mto to 
(18*9 fea a^ai) 1 <a$ «u^5 iflSR to ^m ca awacaa 
c^tfhu ^i^Bca cblv^ caFczm sna 'sn^roa a^^acam ^aa^m 
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3 ^ | srsfa C^Pfft?! '5M9C5T CSRPfCiTW 

^?rw ^ m*n ots^t i 

^W *F«n ^T<P C*I R 5£S$ ^C®t4aCH4 ^^TCSRI ^JPfT*f, H 5XS? ^5* 
totort csto cm, w <t> wm w*fOT src*n cdt^ c^r^ 
( Flux) i 

<5TSC®T 'SfTSRH f&Wff© *tt?3 

Hev/c = Mv*/R 

43 csire *rre?n ^nr?r 

pc — mvc — HeR (18'6) 

^^m?r p = mv sws «?iw9i i §*rer sirs 5p^f§ 

^m:^t^<p\sM|ff *TT?>fvs ^B5C^9f ^Coi¥tC»T^ CLOT'S SfWT^I I 


*MMIW»ST ^?v^§^t?r 5^5 OWT? 6T^ ^«T 

< TT'Q?n 3TS 

_1 dtj> 

G ~~ c dt 


fc*!HRT spffelPRr OTTCPF ^CWl 3>3\ I 

?r?ff E ^ *fad*nj cstw c^fzt ^iT^mvoma 
cms3 srr=r, ^?n 

e = QnRE 


3JS?ITC fe*IET te»fk TO 

p — e £ — _ gs _ e dd> 
2 irR 2nRc dt 


(187) 


sitcts (M?y Twite ?$ qqqnft ^ri 7 ^ <sacro 

srare w, ws43 (18'6) 5pHwi c«n^ «imi *nt 


P_dp _ eR dH 
dt c dt 


(18*8) 


(187) « (18*8) *t#p?rTO c«fw *mi ?rra 

g d4> _ eR dH 
2 ttRc dt c dt 


^=2 *R 
at 


8 


df 


(18.9) 
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*RRT*l <3 

(18.9) srifoSTO* 3*n 3 $ ‘#rfo *i$* (Betatron Condi¬ 
tion) I «lft Jpf^RTCW 3TTO*SR TO *11*31 3T3 

^>-<^ 0 = 27r i? a H (1810) 

(18.10) to ^*o faW 

^W^FEfaf *fa? 'BT^C'T^T “T^ I 

sfa 5ft csefs src*n ctfw c*a jpih 53 sttoi 
sin&t to*iwst toj C5tw crorai nR a H to i (18.10) 

*PRto*i si^uat c^zrarara sith 43 fa^i to to i 43 

CTO* Sfat^sjR 53 C3 C^st?! '5f*BC«T CSti^P C*¥C53 3H 5 5rC*ffi>T^o 
§^s3 $«31 SS3TSR I 

s®lf^ k^«l 5T31 (TfTO 313 C3 3t$TteP TOI W*fW3 



vocuum chomber 


far 18*9 

#4ph 1 femw to fc»R &%m 

43* 3feR to ^RTgfspp 3 ^ 15 ? fal TOC5 l 

^rfTOf3 ®RI $3^3 ^JTTOfa fTO H 43 gPT ^ 5IC*W1 3^353 TO 
3*31 3M I 
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STORES \5^ C«P fas3f5 ICTOS&T^TO aR 

50,000 m\ $ to c®iOT$?r src*jj ?Nir 

TO I ^BRCTO 5JTO ffifaFF C¥5 *p «TO mK ZFTOifTO TO I 

CSftpF C*RT TO*F*I ‘ s ’tT?r, ^ Fgafa*f atrsTO (774) 
*f?<J5SWa ^E^&T^fcr *f% TO I T/4 5fTO 
C*F5 *TTO TO f'Qpfk TOJ te *%*?$$ 

a*T5 *nta ^ 5 ^ ®RT 'TO mft ctfw c%$ 3}W to 

TO, TO 2NTO feswfis^fer ^ TO&T ?Wf CTO f^5 TO 
cto spro^pr ; TOf?^ to 1 to tot srroy (Target) 
CTO X-<tf*ff t^TS^s TO I fas^ X-<tf*ff C¥lta<T ^05T *rf?? 
ferotow *[fer 3 tor to 1 


(18*6) *T5fto<T«l CTO ^<|<F §6&\a5J «it®» 

fafa to ^T?r s 


sfa R = 50<?fa to* H= 10 4 stm TO, ^TTOI TO^I ^ 


Pc = <?£H = 


4’8 X lO -10 x 50 x 10 4 
1-6 X10" 8 


= 150 


c*nsi T^srofe m o c 2 = 0*51 fa-i-csi, stvsto 

pC>m Q C 2 5*1 3v5<TTC iflCTO * 1 % £ = 150 

fa*£-ff»] TO I 

TOfcfo a to 2'3 fa-^-c^i "ife 
TO TO I 3JCT tffrfcT Mm TO TO^*To 

fa-§-C^l *fR? 5P»BJ TO ^ TOTO I 3^*T 

$OT*fa*ps* *tttori ^»i% X-sfyf ^s'm 

TOT?&*f TOWS TO* TOTTO a$fo OTTO fcfwra TOTO 
TO TO I CT$Bpn ^TWTO ^TCTf^^l Sfffto CTW «TOFF TO ,> H^TC^ 
TO^ TOTO STOT a^f^TvS I CTO^ Wt?T 

tows ^tc^< 3 w to cto ^asr 

X-fltir ^i^T?r 5 $ i 

3 TOi?i*F 58 ^rstero 5H3TO anr 350 ftr-4-cai to^i 
*tfay jpvjfl' TO! *!W TO I TOl*t- TO^ C^ 
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« CTOF 

ICTOsfa?[fa srfTOfTO TOTO (Centripetal Acce¬ 
leration) 5 fti Wto 6 ! fasw to, to tot tow* 

^5 «TO I “tf^TOsT 5T3 *PFT *tfc? 

^rM?T ^.IWsl *T<C*T *TTO 2[C?T TO - , TO*T i 5TO ^CTOil'T^fcjc^ (SifcTO 

*rfe^ toi *m »n i 
18.8: ^TO4jW®KGlFtir* 

*ft$T&r to ^j^tw fa^rfTO gw ^tto^s ot TO't ^?r i 
350 fa-£-C«l *lfc? $S*ITW iftfrtFRT gTOS <3BR TO 350 fr? 5?T I 
TOTOl ^PT $c*wfa-fTOFTto (Synchrotron) srcw iwft TO 
53 , to to to* $eg mw to 

>iii^ 2[?r i ^ m*c sfs 

criw ctort sn»TW Wr*d ^ipncfa to1§ 

TO*f^s ¥TO f& TO TO C^fa TOfl <tfw C¥!TTO1 
(Flux) ^ifSR^CTO ®F»TJ TOT 2 ftr-^-Cwl *lfe TO I 
TO*T3 >IT &<M ' to ^ C3TO WTW ^T**^ TOfi> faTOS 

2FvK3 “tfo ^7 TO I 

flfrfci ^s?^o TOfa^ “itBF 5 j4r ^TO TO tCTOSfa^feT Jf«n- 

5 5m1 (Phase Stable) to i <a£ toto 

“if?? (£|\s ^65 ^ C5J v£K?nT C^$T 2IW 'iHlt <? tlW3’ C3CTO (c) *f*IH ^?T I 
TO C*tf*RF «*!<*> = v/R^c/R TO BTO* PT I 

H c^w crow asiw §cw&t*[?to ^to feproik criw to to* 
TORT ^1^1 CTO ^TTOl nit ( 18‘6 3Wtro*l B^I ) * 

He 
co= — 
me 

OTWT^f “it?? ftro *T*PT ^C®14aCH?T TO m ^T^i TOT, 'BjVsTO’ H Cbtw 
C*POT 5TTOr ffa TO C^t?W CTO CD IPTO SWl TO l 

Mtfwi toro^n sm (3 flfotor 

^5TTO TO TOW PPP$ SICW ^F1 TO1 TO I fcfflPTOfllPI 
300 fa-^-C^l ^T^05#T PTCTO <3^ TO 8 ^?T I 

<SP¥KT ^W*piw?T ^**P^IW?T ^TS^ct C<T*ft?T ®T9f C^H C&tW 
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apupra sotsr ^ i ^sra^fe fasrsm 

STe# ( C®1-?TT$ ) %lf*T5 TOP PT§ 3N9PT C&tw PP5 fel *P?TP& 

ot i to«i ^ too cut^ c^u i?r a'w.w ^ iP^sfa^fro 
3 $r?ft *p-5p*ipr sinto ^<ih i ^ *ptprt w zm to 

*raf®c$ fof *ife wto ^rara iraTeft ‘*ft’ (C) 

^PPPRT 57^5 2f*5P? l r ^T® 9 ^ 5?TOT^ TOS[T3 <P3Pl^ 5PI I 
3p*fa <ft$TSfa gJJPRf STOW^t ^<8PT CTO PiT^l JTl TOPI §^pffo 
«IT^?VS cm*\ £?T frf\CZFto?r fllOTST snrffo pfejffl ^ (1810 faf 
g'foj) I 



fra 18*10 

SPWta-fsKCfflfrT g^CTS ^e=f^ 2P5C6^f ?5ff I 

CT3TO<T TOJ «Rto ‘C^IRIC^T tPFPSft*[fa 

<5\w6^ to (18*11 fra 5 ^ 1 ) 1 #T 5 ^ puftpra fato $$ 


high frequency source 



fra 18*11 

$praM»ra»T4ra* wf&wft I 
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aW3 3KC*T ^l'®^( 3t@Ta aTW* I 
«Ka1§ <4^ ^pTffit-a^raRr (Resonant Cavify) ws to TO i 
§a<T fata c^m torcto afaa€t ac?na toot aqj 

j 

tar '^rtteswHtwi *1% *l*FT TO I ?<TTO3 TOTW 

S>OT4&TO Sltaa-TOIRCTO 5TTO STai ^ I 

$OT#*-taFtaa 5TRTPTI aTTOFsS TO^ a^s fa-^-C®! afe 
*1% a*afT bswS*?9(®5 ^ 9 W TO TO I ataPRT ^ aCTO 

sTr^jc^n ^ festaa tor aca snm mm to 

feetaa Gfwffr&r Wto*! fasTfw i <$$ ara 

fossa atafon fer-l-c®i (10 9 ^-c®i) afa^ to i 

18*9: C<2TtfeiT-f^^t^5r 

tacffifi*T a^rfscs canfa ai *rhj a=m .storot'Q fos- 
ata?s <5ta to to i i£icto TOai TO^ta awta to*rt 
sri a'sfe acma to srsr i ®jt^-c\&-to\ ^ar^ ^n 
sr-jara cto torctet (Accelerator) TOOT canfa^TO ara 10 
fa-$-C®l afes TO OT^felW CaTfa-favEFftar TOSTffs 

aero srcar sr^awa tost to i a*# kftto pcto ^ 
caro «ot ’STfas aOT i gro^ fcsTelt ‘al’ (C) 

a^s to i ct>l^^F cro spaas to catit^w aaaiTa 
tow to aca ^nafas to*t to i car^a^ ^ afar sr^a tost a<i 

C&l^^ C^Cfl*! tal TO1 TO I vsRfaRJ ^TOTa »^s»T 'STRT 

carftaa toi “pp to i 

$OT*fa-taffTtorcr as caiifa-taOTfca to^ a?aa€t tasaa 
tor® ik® aiai to ai i ^cro fos 7 toreto fafft afaafor 
to aonwa to i toi cankaa sa §OT®fcaa srca® caat 
TO3TO Sfsn sna 1000 ^-c^i a^ a^s» a^ca c^a ^ 

ar?r i to W*r^ ^nan^?r toto caitor c^^ c^a 

(©) ai «Tw6waTW (/=co/2tt) *to ai i a^r? f^ro?r 
a«a carto ^hr ^r^scaii (Resonance) ato to 

fey taws tor^ m*\s gia to ararsR \ ^a^T-fa^QFrto 



#t?i 
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to isctog ottort to 

(Resonant Cavity) TO CTOTSHFaR? *pa?r- ?TOW3 

a^Tre can^far afis* $i#f tot i aE\sj?TO $rf#© 

afts* sra 1500 |-c^i to i caTfr^fa csrtf to? m to 
«n^3T TO ^ a?*F ®l^T TO I 

csrrfa-fcrcGFTta ^rrcrc^u Jitoi ?i*m cxfcvjfi 

S^as ??n to i sncsfaTO »fTO TOf*^a ?jtWtoi 
faa?TOTTO ?;t?to srpsta <«?$ ?f«r?i <stoctet sttstc^ 

6 f«r-$-C*l stfrc 6 x 10® $-c®i * 1 % 5P»W CaTfa^ ?<H 
3?r i v£ii TOfifo =n*r c*r®3i ^ ‘fTOrfrr (Bevatron) i TOfaro 
^TOE^ BfT^hr TOTOTO ^?a TO ?31 33 ; 
TOfifa to c^?n ‘?TOT&r (Cosmotron) i to c«ie? am 
3 ?e?-£-c®i af^y a*asr carfa^s apG?n to i ^tspsi &®rc« 
atfsKTO fatfwro si*[?a to?£ 4 ?® to fctffai ?<n ^ i 
TO^fer 3 tt?te?t stfs frara i ^rm^a sro 
‘cs\-^fi’ ?i ^ipt see$ arc 30‘5 fsr$nr i to 

5¥?1S?r «Bfir aT?r 10,000 fa i 

asro 9 ! too te$?r afe ^are? to? 1$ caTfa-fa*E2Fifa 

T*T^Ta ?<n $X3E5 l ^ TOt(?TO 'Sff'S faaTffT '©II?1CTO ®RT vSCRRI STESfl 
Caifa^W ^ *fM m ?ac® ^ I CW WET TO 

ar$ caifa-aTO: ^ttotos ^ a$«i ^ i ^ aTO ot 
'3RT e i<pica carfa^ferc? *[? 'otav^rM c?T?ra ??n a^fT^*r • states’ 
*fay *pa?r csnt^-^TOFrter aftr^l ^m\ (Alternating 
Gradient) *pa?T afa? TO3TE33 TOl caTfa^SE? 
^hl®ICT C?T?PT (Strong Focussing) ?TO TO*$l ??n SSI 
a#a fcgITO? TOT SJ3TO TO fafrl C#*IETO ZF%5 &T?ns aT*H 
TOES TO* 4TO WrETO TOTO §Pf ^?n 3TS^ TOES I 

W«T *5TCT ifli to:^rt to?t to ^CPTO^I ^5 

^BfT?mc«ir aro ai4 (Cern) to? atTO kror firtro 
28 'm-k-ce l a^? ^^aTff? to, ?nta?n?r apl?^ tototo Wto 
70 Trt-CCl TO 5 5TTPTf?rTO ffTOOT ®?T^?r aE^TOTOf Wsr® 
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33 i caiw 5 e*b 240f& amate kft*te 5 * 5 ito 

g¥E*5 csmm siwi ^«i vnmft *rato stte* i aE^i*fi; ^e*5 cs fa* 
c*Eff5 teto (Radial) af^si site* i aaas 5 ft g?E *5 csfa* , 
atom tofatopft $$ i 4^*a ^re’sm ami srma^ 

^fa«TE5 C*FT*lT>i\5 53T <35\ 5JT?R?[ESm asjESI 5 ? s[5 *a $31, ^TRT *E=1 

flfe 5E*?m ®RT awtofa £$E*<J 'G5R 3 f$r|-C^l *fo? aW 
*5pT8ft jfaE** asEa ^afa 5?r i ®r«Jrs **ie5it&t srEaan 
*ra <mal at?? few *<n s^f'Q 5?$ aEam §$e*<t $rj *i5E&?r 
tom a?tf*j ca^ i a**E5C*Ea?r 33 tsf-t-c^i caTia-toESFTSa 
caE*atoE5 am 3X10 11 a^ar* canto *a* arcmi m i 
a*afo 150 we* 300 to^-rei a?s? aw *E5*t> canfa-toEsaSa 
fates afs*eaai *m $eto i 4* aE*n «iTE*i?s*m sifrto a$xs 
<fl*f$ 200 forfe-csi car5a-fa«znfcT fates *mr caa sesw » 
(1812) to 4*f$ canfa-faOTto wimf&a a*tto scm \ 

afs*ot atoai aw toam csfa* cam (Fixed Field 
Alternating Gradient *rasi FFAG) 5JSST5 *E3 caflfa- 
toansfa we* aia caT$a asT$arm sTf*cs am 2x 10 14 awr* 
cates **r* ai'Qfn ass seses i ate ate 

snsa^Es^ferc* 4*f$ 'sss^la a^s-a^icss (Storage Ring) src*jj 
am *fscs ato *sm sis^i *es wa we* <a*ao smafasm a^s 
sima asT$ few *si ass $s i 4*f$ tom c&fa* ca^Ess wn 
^ s*a a^s-saEss REar sfma^fric* ?fa asm ses 5zft*tes ®fmto!> 
*51 m i aacs tfiE^m ato ff* 55 ai 1 *mai rft*tes 
nsi f<5\£»H*n® s r *rma$(fa mf^>s§>?r*fa 'o^ ^^aics f*i| afs?am *es i 
C aSRI ^*85-5^05 SIWI 5 $TR 5 ?TR *T»a 5I55Ta 5Tai ^5, 5T5 5^51 
a^? tafff*# **aKE*5 a?5*5^ t*®E55 aiywi ^^a^taE* f*f 
alWE 6 ! ats 5 a555m *E5 *sfc at^m *$*\ *51 55 1 

vflaTEa feE^aE5Tai ca fee^af^y ^ma aaa c*r to ®iE^m feara 
*nars *e* fatoi ^aro^m ^n aia te*5t ato atoa 
^rmEair *nt*r a% *iEa^i *a ^5 1 *ma f*| afasira at?? ^iwrc^ 
sEFceT fe^a?f *?a*T^to atot?? *to aito $$ 1 
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c^*czr ^'®ic < i ^rT?rs *it??5 
*lfam *{5 C5*ft 55 I &rT55 c lWf 551 5T5* C5 M 0 % ^ t; OT 
45* T 45*f$ T5WR 4^?$ 3^5 ^5 *RPn*[W 

^TRFs TO l 4CTO 


T = 


w 0 c 


Vl — v*/c 


=f-w 0 c* 


^ra^rc^ *[fi>5 <®5iTO55 wic^ ^5 cro 4W5 c5*t 
45* fa^Rtespfl 1 55 I CW 4Cf5 aESjtffol C5*T v 45* C5T$ 
5tfo*tf*F T 5C5T $5551 *5$ 


r= 


2m/ 


Vi-^7 c s 


2 «! 0 C S 


Wt5'5 4^ C5*W ^WTC'oSr *f5 ^s*lfe ^^55^3 

«5CF, $1^45 r' TOTC35 *R*\ 25$ C5JT^ *1*R? I ’*1*^5? 

e5T5£5l>T5t CSPCT ®5C^C*55 C5?f V 55, 555*1 *S'G* CUFCT '5TTxi|\o 25$ 
5tf«!55?$5 «nf? C5$I *J*5 55 I ayssns $n$5>lt??T5 PW-5RPITBR *£ 
^5T5t *5*51 5T5 

_ V +v' _ 2z/ 

. v ~l + v'‘/c‘ 1 + v'*/c* 


§*TC55 *pifo5«l fostffc <5 TT'G51 5T5 


7 = 27' + 


r 


>/a 


2 m 0 c‘ 


5ft 7' > > m 0 c 2 55, ^T5t^ 7=7' 2 /2m 0 c: a 55 I $P*fT* 
7>> 7' 55 i 45 cto* C5«n 5X5 C5 $ffto ^ "iftrcs 55Wt‘ 
*rfer ^ff55iTq «[5 to 5 T 5 i , 

^155^^ 5ft T - 10m 0 C 2 55 ( $^T* C25&?T5 CTO 
T' =9*3 ftr-§-c®i 55 ), $5551 nr^ 

T =20w„c a + = 70 m„ c a 

2m 0 c 

ctn^PT5 cto 7=65 ftj-^-csi 55 i Mu 65 ftf-^-csi ssnfcf 
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'G <5*05 a$FT ?tf555 

’pto cotSs? w 45 ?$ % catfro* sims to wt otS 5 rt 5 ?ft 
sira 9’3 fer-§-c«i 55 i Sac55 $iotri cto* prai 5 T 5 c 5 
^5 faten ^amro sri f5ten-“fe sfrro 55^1 c5*ft 
afe 5*^ #51 wm fertT®! 55T5 sotbr i 

apaf^ 45 #555 a^i to Wfcrai sra afe 

w fata taw 5?®i5i afer toj (Storf *p 55T5 
5tro i *rcta 5^?p5 faa5‘tes[at asiafe caTterc toj 
a\5re #> 55T5 5J5 5 $i 551 55 i ^5 5:5 ar$ fata-afe afaft 
caifcr^r aft?5 fa*p 5 $ i feac 5 sntatfFs 9*3 
f®?-^-C 5 i fafen *fe taflR 5 ' 5 j»n 4’65 fer-^-cvsi *fe a*a^ 
5ta faaitta caito sotsr 1 <4§: 551:55 faa5t^it Sesafe 
caT^^ sic^n 5\5re afcrc 55 §ac5 jfS 5 <i&5-5TO5 

1 5*15 gfS* faf wr anTO awr 45 “ wita m$ 1 
^pr toj ata faa?taat carta^ $$ 5rca5 toj carfcr 

5*F*WTO5 51515®! *a*f5 55T55 5T5 TO I 5T5T5«n58 5&f 

51 51CTO C5505*[?a5 5‘Ca SfTafovs caT^T^5 5S5T5 <5TP»5 
5515J5T5 ^pRT5 • ?5a5l$ 3[W $55655$ CaT^T^f^ TOI 5S5T5 
«TO»5 5ST5JS1 TO5 55 55 l ?5f 5<B5-5TO5 TOJ $556^5^ 
caT$a-a 5 TR ;5 an ^5 ^ 5*3515 sri §to «nwnfc^ a<ft^i 5 j<p$t 5 
CaT$a*[fal5 TOJ 5‘5T^ 5TC«5 a$MJ\al 5 Wfc fes& 55 I 

* 2 &<to 5TC5 5TC% (Cern) TO5«fT5TC5 5^5 talfe l fol 5 fcH 4 
TOJ 4^5a 5*TO 5$R 5C5C5 I 5f*[5ia $15*515 CaTlk^W TOJ 
TO 5 !jR 5 aCF^l 5TO I 

CaiWa«!FTtel5 5T51 5?3§ caite?5 »fe 55Maf^* 5f«p 

(Cosmic Ray) afe5 5<ca firft5 I ifl^a 5TW 

cai$?r^5 aT5TC5I 51TOa C5fe^* #151 fe^aT*R ^Pf 5 5^W 

taa®! 551 555 I 4 5TO f5^“lf55SI afe^Pf 5I1WIW1 551 5C5 I 
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G&\ ^ GQtSft 

*RCTWR 

19*1 : G$m*$ fotWCTir «rrfwRr 

5 $^ toiw <m cto C5 fatal snta 555 tor^s 
csfa-OTR 5 ® (Compound Nucleus) TOP¥Tf§ ^5TO 
C5*5#l ^tal fas^s TO W TO TOT C5 TOW C*F5^ 55 

TO ^53 C5fcH?F*gRR TO3 TO 5?tfR 

fa$fl5fa?I 5R W "ippiR (Otto Hahn and F. Strassmann) 
i£i^ 5^5 *ifa?-itT^t (Exoergic) c<F*5^ fatall 'SfTfaR-R 
TO5 51 *R3^f *[ffT (3*5RR sisfata fa^P *lfa? TOTC33 
3J35lta 2fC5TOT m 3J9IST TO 0r5 I 

(1714) sqBS&f TORI Cft^fa C5 **08 TO C5fa 43< to 
TOsfta 55 W C5fal ?5C5 faStr-TO**! (Neutron Capture) 
wits fatal TO3 5RRi*f *fafaFl TO5 I TORI CfltoR 

TO tol 555 *faR TO^fa 3faC*f3 Stffta CSlfaf §tofa5TCT3 
(Z = 92) &TO3 hfeta 3*5 5C<R, S55 tol TO*® Wfat 
P~ ?55Wfaf Cottar 5R«f 5«5R ?3*r*R 5R I 4tfr3 

^nta *R«I 3K3I1 *TO ta tol S[*plH TO3 C5 TORI *PiTC<3 
STo U 288 ^C5TCta fafc&T C5T5TO 5FC®T U 280 ^T^RTC$TC*f 
3i*tRta 53 I tfft <EIC5 fe^lST U 289 ^C5TtfaC*R P" fa^^TO TO 
Z = 93 *R5T«lfa* TOl 5 **f 3 §tofa5TCTO3 (Transuranic) 
C5te 4*® 3[fo5T$T*r 55 I TOR «H$Mrd>l*l®5 
P" fa5ft?R TO Z = 94 ^RRffifa* 5S3J1 5*33 355^ ^C3?55I- 
CTO3 C5fal ^ 55 I C*?3 « ^3 55*5^53 TO ^TOlfata 
cwtw 35?^ 5CRi SRRT3 (Successive) P" fa^fcR TO 
3fS i£$53 Mw IW55TCTO5 C5fal 1 
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*TCPST«l <3 CTO^ *&T 

m TO *n&TO »w 4\^m (O. Hahn, L. 

Meitner and F. Strassmann) w groi fat W *TT?«^ 
(Irene Curie and L. Savich) aTTOfa^ *Wifoc$ ^ 
cssffaFa *m<tf9[Y*Rr gaf*f f=r*ter^ cs$\ tost i to <w $Ta 
’TTOT’ifrro cf^i ca a3c«ia tot ^ScaTnaicsia ca 
aa ^ cssrfaFa *rts( ^ ^n?r^ to 4as$a ararata^ 

cafaaia <?itc*Ta (Z = 56) i sraaTO fa*t ^a< aitoa 

*fafan CTO £RTf«lNS ^a re$rf*?Fa TO TO5 

EUT^SIKTST csjtorw (Z = 57) wsfi I 

CTO'? c^t^rrsr ai ^n^^Tsi ^aaT^a ^a ai TOrcataas a*an 
^Ca^StlC^a 'SfOT^ aa, $Tv$i)a (.<$•&$ Tito’S! a* 9 !?^ 

WTaifa srofsfo aiaai sqarat ^toh? ^twma anan 

a*ai a§a TO I TO 6 ! CSTfa, ©?R^^, Cl-afa^l 2F*fv5 SftWfS 

TOan ca^rola afo^n fasaacaa tot ca aa c^to ^ to 
ma nstcto «a-a?an isa< TOsnafaa* aiaii ItafsraTcaa <?aara 
aTaTSTT 3[Ca I ^Tsfrc '5Rt*T^ C^^ ^l4l?f ^sCafcRncaa 

TOTaafe CTO cafoaa TOSTT^ CTO? I CWTC 

TO 'Q $Ta ’TTO^*! tfTO TO TO^T Ca CataaTPTa aaastf aa^ 
Co^faFa **t*fN!§ CafaaTa TO ; c^ $$% CafaaTCTO ^5^^ 

aTaT#T? ^ Cafa cafsaTEaa (Z = 88) CTO 

^T&ailfra I *^38 fs^fo a&TO TOT ^C#T?TTST CTO? CTO 
afa g[ft a-??a?l U°o^ 5 TT SoTTO 4?ft cafeaia ^ 

TO> *(TCa I 

4<T srajaf^ TO TO 4a< 'tPfTO ^ a* a^?TCa 
aTaTafa? TO1 OTT'l TOST Ca TO STtfa 6 ^ C^ert 5 ^ *TCT«fft 

5555 3^«TO C^TR, C^f®TO ST?T I «il?T CTO hWilOT 

^fsf^s. 3THT C*T fsT^»T ^CfRT <pt«1 ^WTWHIST upSTST '^C'Q 

f<'»lTo?o ^?T C*T '®IC‘T^ SIC*^ ^"Q '5fC‘ ? W^ 5! 5 '5TC f T^ ^ST ^o?T“ 

5T<«IT1 Jp^ng- c^f?mTST C^TO I CTO^ Wf?RlTCSTTT TOTT«I^^ 

5T^Z = 56, 4$3i*l fTOTOT TOT TOJ 

TOT 6 !^ TO! Z = 92 - 56 = 36 TO t TO 





f5ff 19-1 

'o|fc9Tl^T5fl I 





c*ps* ttaMrcsres csfa <3 skcstsr 303 

CSfc®m aSSIT^ CTOF I S^sS <4S W ifltsia CTO 

fa^tfcrs resfaim *$*$% M*fa arai srn i sh^j^s 

4SS Mr, (Liese Meitner and O.R. Frisch) i£)tss srfa'f*® 
’otSirs ^ttst c*R *<^5$ fa'sTSR’ (Nuclear Fission) i ^Tcra 
SIC'S C<Pg^ fS'tfTSR tits*?!! 5CE? ^1R SS£TS C^S^F tsftFSl, 

STS S*C«T ^5rst C^EE^ SSSTfZR* ®S C^ y 5C^ fS'sjlIo?^ 

'%c$ m \ c*pg^ fs«r$?css spceT ^ s*n ^ fs^sR- 

^ (Fission Fragments) I ^ W M-ir^SR s^ 
ct* 5* fa»TSR ateTre Mfafa® ’ritera stsi t-roff-rs ?si sm s 
82 U 286 + o n 1 - 92 U 230 *- 56 Ba+ afl Kr (19*1) 

fTOrcR-a<wcas «s-wns stMss^ts (191) ssfasw ^ws 
<©s-*rc<m casi ss fa » 

(191) ta t^sfasm fasreWS *K*\ ^ *rWf5^ 
7 p^ faTOR-aws SSTOSS (Tracks) ow-w snOTRsfeff 
a*r?*fa scot i ^rcffiT^fszr cot ¥tobr-<t« ^ assfai 

(Range) afasna tot otrt afo*rM Ms *fsi sm i 

^S&Ok STC^TS CSTv£TS fOT CS>OT fS'ST'SR 'STfa'^ICSS SRI ®?H1 
m i «as sfsisfa^ acst ^fasts W®w cross acorns 
^rit^FTS srsi 'aifa^icss asffcrs ss i ass^f ft toss 
SCSI CSTfSSTS (Z = 90) w CaTCft-^mfifasm (Z = 91) <?POTS 
?S^T^»T SS I 'Sftaf'O'S favSS&WS “if'S'S $>as C$*SSF 

fa^TSR afalTTS fa^S*ffa^l, CS*OT fa^TSR TO farjS *lfarS 

aTswro, fasTSR-a'Qffas gs»a Ms t^nfa fsss rot RRTSia 
astro fafos towtot ^T^vs ss t w faroR afasTS 
asm asm fcsfa'di^fa rot ass^l sraraft spw sottbri 
* si scs i 

19*2: GSS®*F ftsfaTCR* TOT 

•TRTfas ast^s srsi aTsvia <fcs c^s^f fa^TSrCRs sfc*i 
faroR-a« ffifa cst$ ##s sr arcsi sts am 168 fa-$-c«i i 

dlt ^oSI CSC^ CSTSH STS CS C^Pg^ fs^T'SR ^TCa a^'Q aMs ®SS 2[S l 
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^ Wwn ^ «tfe ( to*f fa-^-c3i) 

5t£*PPl ^5 53 I C^*5^ fa'oT'SR T^''«j|Qr*i-^'Q?|f5l 

43< Y-?ff*ir t?IS^s 53 I te *[^3 fo| 

^3 fcr^sto 43< Y-3W C^FT^T^RI 5JC*IJ'Q 3fa>3 53 I 3T5T^1 

Coffer fTOSFT-WPIjS C^ f^S^S *f% 43* 

fars^ Y- 3 H 3 *ifee csrr# (5^$ *ftm 43^ i 

43 WU$ C3T3H 3T3 C3 ?3®T®R ^rcsr csitS *fft? §*rc3 2FfS 

«% 

“fel SIR f3f C3*ft 53 » 3fa 43* $3*31 §§£3fa3CT3 ^*13 

W&T 3$«I 3*31 3T3 s©T5C*T £3**53* ?3®T8?1R3 *RC3 faS3fs ?^oT®R- 
43* ®R]RJ 2f3*T3 f3f3*3 e l $$C3fcT3T3 £3*3lfi>3 Sft3J 0*17^5 
53 i 4^3 £3*3Tfi>3 jiwj OTitro *m piffi 

5C3 3T3 I 3*JT*tf3?sita3 3T5TC3I 4^»TC3 ^TC*f3 *^331*1 

t=T<3 3*3t*l Ctf31 3T3 C3 t^R^RR CTOTO f3^T®?M3 *133 

2JT3 185 f3-$-C®l *rfe ?3S^ I v£j^fTCR to3C3T*TJ C3 4§; 331R3 
*lf33Tta3 5T3T §gJ5 *1^3 C3 3H *(T331 3T3 Sol 3R *TCW1 

?3*f 3*3 53 I 3*13*1 y-^?*IT, fa^Rl ^ (Penetra¬ 
bility) 5P»B5r -fafoaFRI fof <3**1 l&C3?33T3 TO C3C3* 

5C3 313 I 

C3**53* f3®T®flR3 33C3 ^3 sff33* *ff33T«l fasWFRl 3*13*1 
51^ C3 3^33 3FC«T 3fS 3T?ft C3to-C3* 5 53*fi>3 ( 331 U 236 ) 

Wn*l?33* 33 fa3T5R-33^f«13 £31$ *f331*l?33* 33 31^1 5ICT3* 
C3*ft 53 I (16*7) SFpSPr C*T31 £3£5 C3 §^£3?*1313 SFffo *ril£Wl 
9[3 i 3T3 £3**53nfcl3 m3 sfo 33R-*fft?, 39R- 

35iT\*T (Binding Fraction) ai3 7*5 fa-§-C3i 53 (16*9 f&3 
ff^31 ) I S[*f3WF 3^T3 3T3^3 siTWITfa ^3!^ m3 

ST3 8*5 fsi-^-C^l 53 l (3^ f^5T5flR3 ^ 3^ 
t33T5R-3'«B3fsr n^T3 313^3 3RT3Tf3I «T#^3 3TC^ I ^33TC 
f33T^lR3 «lf^ f3^33 21^5 tH3 ^ fa-|-<?51 53 I 

333T^ C3T$ ^5 »fR? 233 200 f3^-C^l 53 t 

f33I^W SI53^13l ?3t3^ «jliCTTC$TC^3 Wn®^ 
?3 C3CT C3T$ ^3 »lt^ f343 3R1 3T3 I ^1533^35^ U 285 
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^witSicns fatm wu?\ ‘twtsr 

sfenfs ^«n ?4 wri <rai ^ i ^r Ba 141 <3 

Kr tt2 ^ mK fa'sTSR ^TCsT C5U& foitfS tRS^S 5 $, 

'STR^l f«T*fCa ^TTfa 


9a 


U’‘ ss + „» : 


.u 


« «j u : 


K A 


Jtsa 


+ ««Jvr " + d n n 


*»<T-*fis? TOSl 5JJT 20191 iflCTOT T^^oFSfR *Tfa* 
*fT'G?n TO S 


TO 


0 = M(U 23B ) + Af n - M(Ba 141 ) - M(Kr° a ) - 3 M n 
= 235-1175 +1-00898 -140*9577 - 91*9264 

-3X1*00898 

= 0*2154 amn 
= 200*6 U-^-cm 


sptfrc froreiaa sfc^t 200 fa-^-cai 

I 

<&*&$ eW'iz Q-i$?m <sfc fowro toj *\Um 

faaT$R 2f£^ “^^TO *ff<? I aty 1^51*1" 

3 ?K*f ^ srrsr U 235 *}**$ faarfsra <?r *ffo* §§a 
^i Ufa **1 ctf 5 ms 1 ^ er U 23fi sn^OTrc&rcro src*n 




n = 602 ^g 1 — = 256 X10" 


3Ja3R i£|^ snsr u 235 5T®^ Sltsfa *FE«T (RTI> 

5[CT 

£ = wQ = 2-56 x 10 21 X 200*6 x 1*6 X 10~ 6 «n«f 
2*56 X 200*6 X 1*6 XlO 16 


10 7 x 10 8 X3600 
= 2*28 X10 4 kwh 


?^T'0?IH>-S[*$1 


TORR (Generator) to, to 

W51 <R*lT<3?n$ ( <n 10 8 f^^«TT'Q?!T$ ), TO C*K® ofaTO 

C^a 5CST TO?fo*F (RTI> 22*8 *r$l *fl TO <£|#R TOT *PiTCa 1 

^?ren brj <?t ®nc$r 


20 
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Tsr4?r to *rm i afa *nraT«(s *rcro ^ 
aT’rmfrr^ ?KC*rrs?w3 ^kst C0 2 ^asr tos ?jsnm 
OT5 4 ^-C^l *Tf'S r f'TS^'O s^?T, < 5T3i£l^ SITST ^T^«T ^T* 9 ^ 
to <?rr$ fcw “i% to 

_ 4xl*6x 10 Tia ^ 6-025 xlO 2 
10 T X 10 s X 3600 12 

= 8'92X10~ S kwh 
acsTspfa *rfcm alwi to 

m = frqoxio-. = 2-36 X10‘SR= 2'56 

^ STT5T U 285 5T® 9 # ?3«T?5r^TO CT *fi$m 
5?r, care to 2'56 c^-fa S5#s»vs to amm I 
49 care Tstto tfefsraR amsTres *m?*re sgfon ’ttoI: 
a^tewH ^ i 

19*8: fwtwsi-’itwffnr «M% 

$&cafi mTST ai sf^a smt catem cto^f fawrwa to *msuftre 
^ jpww tosR-a'o ^as ^ i aaHm to c?ai arc re 



fra 192 

STafa TO U 288 t?[^TSfCsra WOT foSTSR 
*F5^n ^aw*T WafW I 

?a«TSR-a«*[frm «9-asaJm (Mass Number) ?*ffr aire i 
aTTOres »sraf& m toE . to^fi totch ^ t U 285 crorea 
fro^OT *m to*i area TO-aren am 85 care 105 atom toj 
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fogs m® i nw «Rft *ip® 5 ^-wn aT?f 130 cto* 150 
5farar toj ?5^© «ro i fafeis < 55 - 5^111 ftrerejr-qMRT 
*To^i ^»fT*fPi?[ (Percentage Yield) cswfoir (19*2) fora awHs 
5S5E5 i cercfoa csiff c*r*n 5T5 ra 95 45< 139 ®5 -*iwji jp^w 

fa«T®r5-5® ^WFT5 53T3Jol 1 4*JTR 551 5ETO C5 

4§5<*f TO* ^ JWTOfa (Prompt) fo^Eto® Ui^5 5S I 

rawfozr c«rc^ strt® c*f^n 5T5 C5 117 ^5 -*oti fa^reR-sr® 

^W55 TOT5F51 =55T$sr ; 3T<TC ^ 3TSTH ^55 5**!^ fa^TSR-*!'® 

5<35T5 5ST5J^1 ^ | 


fa^sR-^forer 5C5I 5H*mro» ^ c5*?t 

( Neutron Excess ) ctf«n 5T5 i frfT55*lS3i*l fo5T®?PT5 *RE5 
Ba 141 45 * Kr 9a cro^ ?p«n ¥ 51:5551 5*51 5W \ 4W5 
f5^5-$nfa^j (srsfa fa§£5 45< csTfa 5j5*iT5) 

N-Z = A-<2Z= 141-112 = 29 <mN-Z = A -2Z = 92 
- 72 = 20 55 I 4*15 STff^ C5f5OT5 ( Z = 56 ) 45S f ‘*lft55 
(Z=36 ) 551 TO 5Fsft 45 ? ^ ^rat ®n$pncfr*r i 4PF5 
TOI ’rtlC’Wl *pF«T5 3tfe5Ttfr*l ^5OTR Ba 138 {N-Z- 
26 ) 45* Kr 86 (N — Z= 14) i ®5T5t 5ff® TO «fo5R 51 

f*f x &55 C5 5E3 te& 5T5 5S5 5ffo ‘'TO, 

§TORF ?5<5T$r5-*t® *[fe ?5§t5-^iTf*n;TO 5T5 §T5 (TO TO5* C5"ft 

551 (16*12) si^ra? ^\m\ rawfo <?r 4^ ®rpsk ^ral to 

W 51, 451 p~ ?551>5*fN* 5 ?r I CH^eWJ foeTSFT-*!®^ j3" ^PfWl 
f583^ TO f55ffc© 55 I 51^5^ 4^5i*f f55l>C55 TO ^ 

C^*5C^5 5C5I'Q ?5^5-'5Tlt5^I *$rf5C55 ©r5i SOTSRfo 515 
C5*ft 55 1 TO C5^'Q fi~ f55$5*ffa 55 1 4§«TC5 TO^515 

/3“ f55$C55 TO 3T5CTO 4^ *5T5l BRfotf C^S^ 55 I 
§ t tT55 e rcj5i*f Ba 141 *45< Kr 98 5^5 ff5T?Tfi (3~ ?55t>5 

55fte«l ^ 5T51 ^51 5T5 8 



r t 

18l? 


B7 La 


141 


37? 
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*rri»i 'Q w5^ nfc *tfmi 


Kr°‘ „Rb ,s -^-* BB Sr* ! 

8 3 PT 87 80 PI 88 27 ^ 

»' Y "‘lit‘ 0 Zr “* 


0” fanfa-*[W (Disintegration Chain) c*re ^ 
<reTO ^ WPI Pr 141 w Zr 92 2[?f I 

i 

45TFT OT ( 191 ) si^OT ^ncsritp^ <sw 

*iTfec&3 *rafare toi ct <^®?fare ^jt^hw ( Z = 57) f^*i=r 
c*nrefa*R si o^sto ctfsrarcsra 0" fanfare toi 

ss i 


fasm-^jfcre to srfsto f^fcfcr-snfTORT to«i Jrasft 
5jwji ^?n ^rr?r i (1612) sispsw c^n cto (re ^ret c^f«sc^?t 
fir^fasnfaft c^^srere sc<re 3rcc*t ffa are i ^tcwi «pp®re 
aTffa^c*ifa Itafanrsre U 23fi 4 <k U 238 ^f^&r- 

$nlTOre sir sreiro 51 <5^ 54 sre i si*reTO *tfre 
swjtoot «refas ^ret fafefcr-snfq^j ^sr sre i 

§are s*rs ^rcaw refaR w ^a.ifare stfrcwi sret ^re! 
. sulOTcfra ^ (Ba 188 w Kr 86 )‘R^t^-^wre ?refa> sire 
40 ^ i *fa>ss suafas Wsfa cm^ to U 28B <rero re*rc 
faslfas S*R ^ fa«TBR-5«iJ?9RI TO ^TTO ^taRI TO 
'5f20T®Rt?r ^5 sfisfa? *ire i 


19*4: G55®5* f^fatsnrere *to PfeiN f*te*ra«t 

Tjfosl ^c«sore ^ttri cto (real m re sret 

c^s^ faeras tot re*r faf to? Slfafa? fc[§8fa CTO 5TS i 
upc^fST snrei TOI?fi> f^sr^c^re aWRI <5 i s l9T c ^4 T«s^a*H ’ (Prompt 
Neutron) faro fas?s 53 I lift fasrepra *re 10~ 14 

crocks to fa^s srei U 288 fasTsnres *T5re to are 2*5 
*re?reifa far^ir fasjs 551 ftferfanwT«5 ^rfaire <?ta?r 
(Z=94) sitenraSm Pu 289 fasren?re w to are *re?reik 
^ i mwiss are 0‘05 fa-$-csi cto 

17 fa£-csi afa ^tre fa^ 55 1 int *fta to «aw?r 
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sjji<pfTO»fl?f ^*frr 5jj5?f (Maxwellian Distri¬ 
bution Law) $T*[3ia 1 m 2 

SOTTO CTO^fa ( 31 a^T 6 !?^ ) *rf*F 
afoafot^ f^^TSR TO?I JfllTOftT ?R^t=T TiTOPRI *J?W | 

4 W ( 19‘8 ) ^P5Pf fastfiFo TOTTR1 TO 5W 1 

19*5 : fwfSFiT *rf%Rf 

*RftTO TO CT^Il cnre C3 U 2 86 , Pu 239 affo (M$- 
facen© BfT«hr &w (Slow) <n wafer fafcfcra (Thermal 

Neutrons) TO fawtsfo I 33ps Briefer CTO<F- 

CTO wals fafcfrr TO T3WWC33 zpgq&&i (Cross Section), 

asreiw, to zftsm ^rca*^ to3* 

C3*ft 5 ?r I U 2 88 43* Pu 2 39 CTO3TO3 CTO Wafer 

tsr awi sir W£Rfl 580 750 3rt s?r i spwict 5 

( 2 fa-^-cw ) TO faw^TOT U 285 43 

cro m 1’27 3tf sir i Pu 239 43 ctoo ^ a 5 3dTO3 sir 
^ sra snsra ^ i 4TO toacTO C3 C3*3»r (Even- 

Odd) srmfer CTO3^fcft wafer fafctora to fawfs?^ ^ aTC3 i 

«ra?rac^ U 238 , Th 232 <m^-cs?t^ (Even-Even) 

CfTafer C3*53? Assail? ( 3W fsi-i-CSl ) TO fanfare 

arc3 i 4sta3 C3 si sc^3 c^w w^ffer toi fawsR asa 
^ sfl t fe^Sfa TO U 238 C^*B3* faw®flR3 a^^^f 

0 5 3tf 53 i 

s>aC3TC? c3W-®ft*^fITCTO (Bethe-Weiszacker) 

to-^'sih wwn 3 jnji to m\ (16 32) ^rIto: 6 ! aw^ 4§: 

*F$'W3 C*T3 3Tsfa 8 a^ STT^T fcn»3 TO (^5CTO CaT^T 43* 

fer^r a*aiT 3 (Z 43* A 7 ) sir ot? *n f 3 Cs?T® W 3 &a 3 i cm$- 
osffs caafer cro S-aw^ w 43* <£& caHfer c^w 
^ 3T*3f 5^1 I cqc^TO S-a^r^ f^? l CSrT^-faC'&rNJ? 

'r^siT^-csrT^ cto 8 am »fn *$ i ca«!hr c^*a^ 
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*IW«1 'Q afro 

wrrwfv to ^ i ^cro ^-s^'erra 8-a# to 5Ti» 

tofT^-c®ri? cstfk cto 8 ’wrerc* ^ w iffeun <3*5^ 
to W ^ i ^cro ^-^»ira 8**prft ^ i 

vw Z tot^to ?rc*m «£i^f§ crow X A ^ E k 
*r^ ctc«t<i tot C 4+1 * CThr-ww (Compound 

Nucleus) to,^ttot CTfa-croMfa ^coth-*!^ (Excita¬ 
tion Energy) ^ 

E c = If (X) + M n - M( C) + £* = £ b + E k (19*2) 

4TO £ 6 = Af(X) + M n -M(C) TO CTto-C**BCT?r TO 
fa&Ste I fiT^Sta 9Tfvs*lf<? *p TO, 3[8ifr<$ 

E k = 0 TO, E c = E 5 ^ l X-C^s^ CSfT^CSfTvS ^ 

( TO1 U 285 *H Pu 239 ) ^TTO CTto-CTW C C®?T^-C5fTf TO 
( toi U 280 *n Pu 240 ) i ^rc (19*2 ) jpfaro M(X) are 
8 *pj to M(C) aw 8 TO i (19*2) sfsfMrc'r 

M(C) f^CUT^T TO1 ^ ^vcS 4^*$ 8 *Ff 

TO, W TOf 4CTO (E c ) Wit TO I 

3r*f?tTO X ^rftf C5rT©-C®?T® $$ (m U 288 31 Th 232 ), <©tto 
CT fa-CTOW c C®rTv 5 -toT^ TO ( 3*0 U 239 31 Th 233 ) I TOT 
(19*2) 3T5fh^«i cto^ 43^ 8-*w to ; <atro 

C3to-C3STO3 *tf*F (E c ) to TO i ( 19*7 ) 

®r^c^of siTCcTnRi 'Sfisi^i ^3 C3 c^*s^ ?3 5 ®t§h ^^ 5 ^ 
wm *Ri wh-crowEa &$®ri *ifet ^$1 sjftto sift «tifi sora 1 

C®?Tv£-f3C5rT® C3TO*3 CTO tfTS ^ “ift? *f*T5J* wfa (WI^ 
TO 3?d C3to-C3STO3 toll *fi(F »fft sjpTO SOTSjffk 

1 c^mi csrefa ’srtte mfc faoifera 

TO TO I $l*f?TO*F C®rT\£-OT? C3S*5CTO CTO fJT^ 

CTOC*^ TOT ^ CThf-«nK^sr ^C^SRl SOTSRk ^FTSSI »lf^ 
'Snia^i ^ 5311 ca*^ c^P5^^ ’«T*?l?i f*T^t»T ^T?n 

•'Tl I ^Tal'O^ T^vStc^ *TJ*T^j5I 9(t®*l?v5* STT^C®T 3^*^ 
C*ffa-C^F*HC^?T $C'Q , ®f r (l f^'oT'srw^ aCKT^ftfT •TJHI^ 

*»^IH 5C® *nc?r • 
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19-6: filS*RJ«| 

Ta'©|erC , m 5 T s O fsTS^TaCFia ?psn ^fvs*JC^ 

^ai zests .« fro«R?ra aca a^caa* fafarfc a^s 
^rfofa^ fas^iaiaa fjrT*k *tT'G?n am I fyvBstowfasfa^ 
frK&frT (Delayed Neutrons) a*ll ^ 1 caT$ fc [ §yfc a a 
am 0*75% fa^fcr ?sto fas^s sa 1 *raa 
fawawa 5ja (Exponential Law) st^amt £PT am 1 

U 235 fa^TTOa c^ra fastf^s fa**racqa 0'05 

c*tpw care 56 c* ire*s a3s areai am * c*K.*m cm 

toaa m> carfarea Br 87 care 1 fros^r-TO 

?sro sn^pncfraft p-faafci*ik $$ % 

36 Br 87 —■-*• 36 Kr 87 ( x = 56 care^ ) 

$*asr s<mm jtccst *ran Kr 87 fas^s m Kr 86 

*n$pncfcrca a^arata^ sa o 

0 n 1 

T7" r 87 JJ_ T^r 8 6 

36 ivr 36 ivr 

^w® toacaiai ca Kr 87 re*sre fa^Sa wm 51 sa 1 4atf& 
fafcgfa fasaarea spre ^ Kr 86 caTO fa^a *K«m are ta 
‘surfera-TOJi’ 50 m am (1615 S'Saj) I *r«fa Kr 86 
501$ Was? acaaft *$ CaT«TCa flreire SIOT aTCa I Cas?ai 
aaa^ Kr 87 ^fearahca^a aOT^a ^m *ps to 
ai 1 sfefa Br 87 v£j?f p~ faafrcaa are ^ Kr 87 ca^a ^a 
awft *ifof?re ?a^a?i> atena are ^ are^ Kr 8 6 ca*are aarafare 
*$ 1 

aaamfaa afs? fasaiaa pft sn fafsma (Reactor) famaa 
anarre ^arer^ faatfys fa^sfa fasaarea <f>faai farea ipm*# 1 

19*7: Cafa-S^t* fa^tW ^ 


ca*5a ?a<5T®?a mx at$ airon aara ®ri cam «w 
(Niels Bohr and J. A. Wheeler) caroa ta»^ at®?Rtaa 



312 asra^ « afcr af?M 

(Liquid Drop Model) fofet© <iwf& 5$ &f5fo© ^c?R i 
( 1614 ) ©<t«t af©a«a aro *rcma stotsri ^?n 

TO5 i <&* 5 ^ f^sfa caifrr?[fam sic«n ^ aro faa<fh©$al to 

teF?n TO i TO aTO TO TO 5 fafasRT (Exchange) 

«n^ta wn^it to i 'sri aro to to caTfa^ra toj farofar 

f®nr TO I SfT^tt a®IW CTORstfa ^TTTO 

caT^Tff© '©to sn© ot ^rm i cairR^ro qrorc* ^t*rr<t 
«rj TOai carats ^?^©tTs© ss i rtto*!©? '©to 

(Surface Tension) ®RI TOTm*TO (Equilibrium 
Condition) C’lT^ff© 53T ; TO 6 ! & TPTCn^f® fa*^<T §a?<TTOm 
CTOTOT ^R©S[ ^?r, TO TOT 4<T ®rfa© afa?« JjIRvsSf $$ | 

STasaW ©TO #r '5TT?^s 3?#, '©TTO v£!3T ?^|$1 fafe^ 

«ut¥ i fagffa Mwt ^Rcaa stotto ^ to ^ am, af'sm 
TO ^s© gm am I ©T*fa fawjft OTTOffo ^1 TO feaCTOWTft® 
(Ellipsoidal) TOT 43 $5Rf a?^ TO TO I sn^© ?3^3 <RT(> 
aft? 43 wfro * 1 % 43 * fafer ?r^3 rto i fawff&T 
C3 'suites 4§ CSTT$ “if^F ^H©*! ^ TO 43 TOUff© 

(Equilibrium Shape) i 3U3TTO a?3TO s{3 C3a't TOT f«W 
afern aTO afro ^*tto ai?r i ^fc^t 4cto 
tott^T© ctot^ *ri $.c© arre i 

to! ctoot CTO'Q to^i at?r 43 ^ 33R i caTfrr *rcaiT3 
'5TT?3WJ3 TOI 4§3ia CTO3 5 ^65 vsT^vsiT^'© ©TO f3**f3 TO STT^^ 6 ! 

to i 4§3ia ctoot cm$ ^a tojj<f?© ’ttoI faf © TO arcs i 
3fer care w a?^TO afa R333TS 3 to$: 4§3ra fa^f© i 
43tf& TOl CTO3* ( 3«n U 285 ) 3SR 43tfl> CTO*! TO '©SR 
^ CTtn-CTW^ to^Rl af^? (Excitation Energy) E 0 
ar?r, m af^sna c^ita-c^SOT src«n TO-a^? 

^naf©© fas>sfcm a?©a%^ rto ^?t i (19*2 ^mte 6 ! 

b^i ) i i£i§ afe?r a©Tc^ ©tt?to a^a (^g^T ©tt<ptc?t 

?^t© to tot va?r stoiet?! at^^r©^ ^c© «itc^ i 

^ ^ttto *afat© 2 ^© qr& i a% ^ TO ^a 



fasrsR, tsta <3 c^g* B13 

S, TO^ (Vibration) (Amplitude) ^5 srfw C*r 
c^'!j<pTu $rcc*fre fW<re ^rar *n?r (19'3 far g«faj) i c*r =tr^st 

O—o—CO—CO-O-o 

far 193 

'5?^?^?; 2ffa?i;c^f?r ^n^r^ri ctperp f^srw^ *m*m 1 

^T?fr s n' c 1 ^3C®T C^'g^ti* filtervo *{TCiJ 'olC < $ 

*[pfl “rfa 5 (Threshold Energy) 1 c^T3 43“ 

5$strt *nsjz*n to! cores' 3^1 (E f ) 

*31 3T3 1 **tifrs% 53 w E c > E^ 53 1 

(19 T ) 3C33?S ®rsft c^*gc^3 cto c3to-c¥*gOT *iwi 

33 R “fig* E b ( 31 . C3to-C3*gc33 sjpvssr ^s®ri "i^bri 

3T«rr^r) 43 * E f 5R«m 5 ^ 3H fafa33r 331 w : 


19*1 


^jffg C^g<P 

CTh-CTW 

E b i 

(fa$-C®l) 

E f 

( U-k-cm) 

Th a 8 2 

'J'^238 

5'2 

69 

•£J2 8 8 

■JJ" 2 3 9 

5‘2 

6*9 

"^J 2 8 6 

U 230 

64 

5*3 

Pu 239 

Pu 240 

6*6 

50 


$*rara ^rrsHt C3C3 srstsroH ^ w U 885 ^ Pu 839 c*w ^far 
C^FHT CTfaK^gC^T »{IH'a3 v5M5®r«ll *fa? (E b ) ?3^5r5?C*T3 *£531 *ff^F 
E f m C3*ft 53 ; 4Cg3 cto ®r% fafcfcr 3T?rcl fa^TSR 
^5^5 3*31 ?133 1 SPRTTOF u 238 C3*5C33 CTO fa^TSR =5|r[t^o 
3F3T3 SR] ^T-Slt^s fafctew ^H^sr E k — E b — E f — 






314 'Q C4*ia^ af?rs?r 

5*9-5*2=0*7 ^?n asim i Th B82 cross CTO 

*lfe 5ftf5S 1-7 U-$-C*\ 5W » 

C^T?T ^ C*[ES TOQ df^l 3T?r CT TO ^ 'STlft ^ 
«W SWR 3T3jks ^5 ^*R v£J^ *[TS[JTf fo C^lffiS R 3[C?r 

§atams *j 3H3 s?r i jtcftI: 4^<&a cs*bcs 3 snsra-TOH 

SfTCS, 3T3 SCrf ^g*^o k'ofe'c 3[C3 3T3 l 

C3T3 43s*$*it<t afoarT ser c*r w Z 2 /^ > 45 g& f to ts^a 

(Spontaneous Fission) 3 $ I 4aTET Z 
awiks ?rcaJl (Atomic Number) 43* /4 ^ 

(Mass Number) i C3 **3 cs^scss cro Z 2 )A ^arelTj 45 
«rca^i ss, jrwiTO* affore ca^&a cw cs*scs3 
tusrearca sn i ctoprt ^rks-^fki (Limit of Nuclear 

Stability) fatfifsre ^ i a^TCa^i ^r<ft aTftss csito ^w?*MW3 
(U 288 ) ctot ^7^=36 3?m sin Z*/A yrcsnrffa qfifH 
aki 7!?*fRw sir 45 fof w t <ato 

qfae §ac33 ^kt U 238 si ^rirj ^rat affos 

ester to, af^ars fof ^T^fcrs 

CSTSR$Tsi ssrfswn (Quantum Mechanics) ^^rrat isftro ^rat 
cstos ^s*ft 4sfr jjtfsrs arosT^Fsi srrcs i a-ksfa 

^ ^TCai%*> ^a-atal (Tunnel Effect) ^ 43 ®RJ Rst 
(12*15 b'Ssj ) i 4cra froerpra spWtotst 

*rW sor i U 238 43 (To ^ spfefkrow arc 10 16 =?to 
ss i 


5 T©i $rhi cs*Bsk sksT3 ( sri cank, a-sksi) si 

Y-3kfl3 SM'G CS®5S k'©l'S?H S31 STS I ^a^S Sflk^ 

SfaSTS 3T31 k®T®R 3*31 C3*f Ste*JJ I 3TO«I 4?(kT ^BRft 

crows «*TTO?r TOn a^ kf«d ^ i *m 

^ sot^t i k-^-cci *(te 

Y-#*p n?n ksT^r 'ijrjT'^vo ?p?n i srrok k^rsRW 
PFlc5l-fTO^7 (Photo Fission) wm C*f«5i ^?r l 
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i»*8: steatsrcii (&&$\% *tf%s ; c^arfta 


“WT^ Ca*gWa aWWTa fa*pT *!?*? ^oT'QTCaa aai WsfaRWl 

srcfawrcaa na c«rca^ toi ara \ fa<| *itea aiasafaa otpsir 

^TRf 5TT91R a$a ^ c<P r !i<P fa'ctew ^nfawrcaa *IR l W'Sff’Fa 
faat>Ra >WCa Ca *lf$F f^S^\s ?[a 'oTa C*fj$ *ffaaT*1 aR®i> 

sa ai i ^T^rai “ife fasaataa ^ra ^ a^a sa i ^rT^aaaain 
OT CataR RW afe WWW "if*? fa4a aRN caw aiW I 
C^5 Ra 226 w*swa a-faafa 4'88 fa-^-Wl, 


£ = 


37 X10 10 X4‘88X 1-6X10 
10 7 X10 8 X 3600 


-6 


= 8 x 10 9 kwh 


"ifts* aia^rfa^ srcaraRa *rc^ i£i^ *if*? fasaa*t sja 3pw[4 t 

<4STv£l fata OTRI *lta*mft (Exoergic) ww fataia 
*raEa<3 *if^ fa?^ sa i Li 6 (d,a) He 4 fatarca 

Q-TOITa *IH ^ 22*4 tsr-^-Col ; «l«frc fafcgFta afo (22 "4/8) 
ai tna 2*8 fa-^-wi *t% ta^s sa i w 5 ^ fa^srerRa to 
fa^taa at^o fas 3 ?^ 0'85 fa-^-wi “ifej ^aia ^^rcaR? *ff*F 
^R^ ca*ft i <£$ aataa fataia ^ fas^o rt$ *rta 
^fama f$ =m 3a I TO«I a^tal ^cpj50 0*lW ST$ vSatfoH^ 
a*R fatara s^a^a (Target) feaca srmta ^a, v©aa ^rc?a 
awi *[a w a^aw ©ataat: fatal a<ata ^ca i s®T5F?i saaa^ 
nfasT^RTa to ca *ita brito sa car£ fcways *rf*? ^ra ^ara 
^a sa i *p®aK aiaaita scarro ^ *ia "ttafasaia^ 
fatal caw *if^w ^ro ciron ^sa ?;a ai i * 

cassga^ fa^Ra TOa *p( ca ap ^faarca *ifa fas^® ^a 
aa, fa^r^r ^^iFfRa to acatafa fa^a'Q ^a 5 ^ aaca fas^ ^a 
(19*4 a^ai) i ^raai cacafs ca fa^Tro a aw 


* fas H8 i as'arca < 5 R*tj wi’ilif fafaF?na (Thermo Nuclear 
Reaction) aiai aawa *itan?ft Msf?ti cata ar^ »tfaca aiag i ta 
acaiwca aiR aiaiRia ac^ 5^ (19*13 i ®r^5? b'^ii ) i 
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tot*i <3 ctof fita 

5t»®l C^ ss 5C ? Rr 3^3 3^ ^3 I f3^1WC*?3 

to C3 33 firsts' 53 to3 toij ^psjfa tots tofu 
? 3TOrk (Fissionable) C3TO*3 3C3J £ft3“T TO 4OT3 ?3®T?®re 
3*3C'5 TO I <3^ 33 fa'STSf'T 'q^T'^vo 53T3 33C3 $n3T3 
f^STTO 3*53^ TO J£siT fafe&T TO I 3WI 3*^3^ 

TOFT TOFU C^TO 1wf®r5 TO l i£& TO 

?3^tsft atai ct=t fasrafissT “pwsr ^H3 f«tc\s «itto i arer*? 
f^| *f?$m *rfe f^s^vs 53 i 333 35 3*3J*f c^f i£fe&a 

^“FTfers (Self-Sustained) ^H3 to 3TTO, ^33 ?3*pT 

*\fam “ill? ^5 TO I 4§3f*f f-F»T5TO 

(Chain Reaction) (?rQ31 53 I 

^ronf^s “{w-fatai to wftb* 

53T3 “Us TO5 C3 StTO^ 3*f¥ f3'»TSF3 ^«tTTOT3T TO 33^ 

TOI TOsS (£1^ TO fa^§3 C33 *fta 

TO 43*fi> ?3«T$r3 ^3sT TO5 “TO I fa'SIBffife TO* 31 C¥*53k 
TOT3*t (Nuclear Fuel) w TOFU TOf 3T31 fafe c^*5^k 
?3tat3FT (Nuclear Reactor) 3C3J 4§3i*f .^"Slfare “p35?-f3?ZF31 
ST^f’&o ^31 53 I 33 its StsToflsiM T^'esl'ft (?pN ( ?3?3 

333s1 3g[C5T TOsrf3333 ^PatTO 333T3 TO3 ) 3^333 **>85 TOT 
TO3?3TO faTOtl fasfaWO 4^3 43tf$ fata3* fafal TO 
gs“FTf«Ts "(W-WbiI ^ E te3 33 2Fr“f3 TO 5 ? 1 $T3 «fl£ 
^irasroit TOTH 3T35T?3 ; F 3C3TTO CW?k “ill? ^3TO33 *TC3 
»33 C3T3FT I 

OTHfa t3fa3CT3 3C3I ^ C3 CTO#T “ft? ^aT^F? 3*31 53 
33, “T^S? ^ v fT 1 rC33 5T3'8 aC3T^3 3s ftTSTfaffs 3>31 3T3 I C3 TIj 
“ ill? 3fa ^3 TOT 33C33 3C3J 53, ^TTO T3C*TO3 3$Cs 
TO I 3f ss CTO^t3 31 TOT3?33* C3T3T3 (Atomic Bomb) 
3C3I <ifeK*f SffirafanS TO f3^p3 *t?33T«l “1^? ?3S^ 53 3C5!^ 
f3PTO«! 3C$ I ^53*1^313 U aaa CTO * f3^TTO3 TO 

ks^fo 3C3T 3f*f f3^3 333^f 3fer ^ TO 

3!Js3 ?3^Tf^'® 3 S C3, ^T5C®T f3'©l®fC»i3 3E FC®T 
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srcam ^«hr ate 2 a ai &mfi> ajsa ca* 5 sa* fa^T^rs amta 1 i«i§aa 
faTOCaa TOT Q^a^ fa^a*[f«T ' 5 fT«TT<T ate 2 8 ai $rc£f§ 
Ca^TO ta^tfsro amca I &&5K3 W sfTTOf 73 ate CSIT$ 
faults?'© c<p*«ca>a TOT 1 2 72 ai am 4X10 21 TO i CTO 3 
STST U 288 ^T^CTTC&rC^RT TOU am 2*56 X 10 21 C^TO «TO, 
^Fs^a ^ORF afsmm TOT 73 atea TO 5R CVHS’jfel fa^rte 
TOWCSTO* 2*28X10* kwh *fo? §aasr TO (19*2 ^ s[C Hp f 
saki) i afrr aai to ca iscro faTOa sqMre sa feasafo Ts^te 
TO 1 , TOa caa 5$ am 10 9 cafa/caCTO, 4a < ®W*rOT?T aa WW 
aaam^ ate cate s<mi a*te afofS fafcfcr ao? am 10 cafa 
aa atow to, miro aaaa ^ atea to camcaa 
amTSRk a® asm am 10 ~ 8 caca^ sa \ cai$ 73 aw 

ate aa ca^^fcr fa^Tte s;am ®?ai asm ^tto am 10" 6 
catf^ i 3rfrc §acara? ?a*pi aftm aft? am 10 " 6 cacTOa to 
to i 'a^ss 4 cto a&*3 facmaaq afta i 

cspfa ca ca^ste tataa* §gte acaa ^m to alffoa* 
^cafaam 4 a* snrnlS aiaTO ami sa i 4 *iTca smanitS fcstea 
caa-fawa* (Moderator) karca to to \ armntcSa toto 
a^rk a 3 *n*p camic^a a*ca amam a\aT£©a a>ca fa^r^a 
"team to ^ak faster (Thermal Neutrons) 
*kate ?m i 4^ 'Sra^m ca^fcr a^a* su^ma* ^^cakarcsm sfc*o 
tera faana srfearcfra U 28B (am ar^ m 0*7%) toi cate 
to kroa amm asmrci ca*r &s sa (19*5 a^ai) i 
fafamcam to ^tefaam a'Q^kr 4 a* snwfc&a fa's^fcr ^aa^rca 
faais ^ai ca gv®*Mte ^wtaftFai to arca i 

^*5Tte w-taftwn TO ^ ai 'si tte to fatac^m 
‘aka4a-a 5 at^m , (Multiplication Constant) &aca i ata 
ia*pfi> fatac^a acai cto ate n a^ai^ fa^ta caiTa^s to faTOa 
^afl* to ^aa wa tot aa^^ fa^ia^kra acai cstt^ N a<ai^ 
ta^Sa aa^ ate faroa ^ar^tcaa ®ri aioai aia, mrroi N 
»£ia< n aw 5% s^arro aai ^a fataca^a ataa*fa-SFa^ (k) i 
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«t^5s k = N/n > l "(wr-Winn 

sre arcs i k = l sm to !rW tot c$*hs fa^res? 

0<nC^ ®fTPP, 5T5 ^fd«1 5TC5 *ff^ ^‘ p t^’ 5$o I ?rftf k > 1 

55, '®T5E«I *I55^ft *$TC?T t^'STSR 5T5 ' p tT?T, 5T5 

fcwfpre 5T5 m*\s ^ c*ire wz* i sraaw k < 1 
55 , faurew* 5T5 sFsr*fs grc am « “[m-faten fopw 
*K$ (MS 5T5 1 “it 1 ?? ^ 9 fT'fPT3 5T5 SF5T*fg ^sj^vo ^ I 



F.N - Fast Neutrons ■. S.N. - Stow Neutron* 

M-Moderator; F.F.-FIseton Fragments 

fra 19-4 

pwwtn ^OT-fafinn s 6 !^ fra^ra 1 

*lf?re*far IWCT5 5H ft^5 fataC^<T TO 5W38$ OTflfa 
^TOPft *R\ f=7?rac?Ri (Moderator) a$fe o fwro §*rc?r i 
TO SRJRJ fafcfa CW*! ’SRSH 

§*^<3 <il$1ROT5*rRfat5TO I 
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'$Ht?r toi fafasm tot ^tft ^rorfere w-Wisn 
*m *\ (19*4) ^nrowj sm *p<n ^tri i <ift far 
c*wi to c*r to'Nt tato a<ro «a^& U 886 c$*%$ 
TTOtfip® TO (F.F.) ^ TO^t& 

(F.N.) fc**w to i ^ tasfR^fa f?7?rercTO toj atero 
to *rfaTO to <*w TOrte (S.N.) ^^yro to i *sm 
toi TOfa Wfcr tots Whr to U 23S ctof 
TO I TO T^ftFStTOT TOT TORI Wafa TOT 

( 3TO58 U 238 srtarctara toi ) c*nUv to to i tahr »ptor 

faTOrCJTS TOT ^TTO ?S«T®R-*f*3 4SS TO^f& ^5*1^ 

TO i ^rr^T<r taares toj *ttaF?r to ^sHto 

factor to i *jpfa srt ^ws toj vswfS $itto s$€fa tot 

U 28B c<F5^ fa^fa'S to \ ^®iw *itaa to *itafa^T®R 
afcrcn 5^ w$ i 

to s*<n to cs cto taw- atar nssHfa fafcsft U 288 
C^5^ fa^Tfa® TOT <flS< SJCvsI^ fa'oTSTO v TO 1 

Mr sm *faTC?T taTTOS TOT CTT& nv §G5*ffe fa§gR ^ TO I 
SSpaS TO^*d faTOR-fa^£{?TS 31RJ1 nv TOW1 TOT CS*ft 

53 i to 6 ! fof ^•ita* fa&sfa U 288 (?*nf^5 to 4$ 

sffeync&rcTO cs*to taita to i aero Ttoto TOifa* 

fa^Gfa T^TOT TO I TOT TOijfa 

C*ITf^5 TO TO CTO CS“ft *KTO <5^*1 fa^Sfa 3f£ TO I ^SF 
§g&*T?^' fa«5M*T-f»T^!lCTO ^Tn^IJI C*fC^5 TOT nv ^“^IJlTuW 
«rcwi ^toht TOfS toji e toi 3*1 to i s TOJTto s*n 

551 ‘fi^tawR WJ]' (Fast Fission Factor); «r£^s e > 1 
TO, CTT^ ^*l?r fi^tera >Wi! nvs TO i 

SHT^FT^ 5«JI tar ^ffesi 6 ! ^TC5T *fo?TO 

TOU5 «TTC^ I *ltaRTO ^TTO faf tast^T ^JTO 

STHrfW ntrTCef^ fT?H C»ITte TO I «flPRT SIWI C^% 
t^C?ltaCSl?T ^CTTC&rn U 288 ?F^F C*TTta TO » 

<rtc^ w TO^fa taw “ifa arg to swtos 
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o cw r&r *rf?re?r 

CWI I P11W 

(Resonance Capture) *»n 3R (1714 5^1) I 

“fkrRRT rto cr rr fcfetR crtrfir to rrr *itr 
tow ^Hk kfefoR *i3r?r^ 5?r i Rftr ^ toBR- 
kfe&RR p-^W CRTRRR TO CTOF RRR *fTR, ^TTO <? IT$ few 
ssHk fcfeta *rrji wve/> rr i p R®n *$i*prFf- 

fec*P¥®l rsttoi* (Resonance Escape Probablity) I 

, or s> fh?T fRfeilwR 'srr f c*fTk^ 5 [?t cTOiRsk ^fTRkk 
( 4CTO SfeErfRRTPRT ) RTR1, RT^t WT (1 -/) C^Tte 3$ ktam 
?<»TO R^RTR '5RTCRI ^ffTC^f^ RTR1 I ^^8 'fTRTRk RTRl C**TT?R^ 
^®Mk kfesftRR ctt$ rsrji wvsp/ i f R^^nto rri m 
‘TOk-RJRTO R*RJl’ (Thermal Utilization Factor) I 

^MRk vm cr rr ^sHk kfesfa c*n?w sr to fof w 
?RTOFRk C^*5^ RRJSR (U 235 ) RCRJ C“TT?R^ TO *BTR^ *kTCR 
fRTOrR few TOt RTrI fR^RSjfer U 285 R 1 U 238 <&*%$ 
rrjsr src^j c*rr?^No to strjtrj rrerr crs^ fRtai to i 

sir RRn CR ^TRTRk TOI C*fTk^ fRfe&RR <7 WT fek *$TCR 
cro^ ?rto?r few to i 3 *to< asR Mm n ssmk kfesk 
C*nfe TO C#5R* Tr^TCR RTO TO few kfe$R*[faTR 

5Tc«n fek *krcR crt$ N=nvepfg TOfk kfesk RT«?n rtr, 
RvsR TOT C¥*5^ k'TOTR ^1^5 <FRTR WRI I ^©RTC *fkR*fR-8R£¥R 
RTR TO 

k= Nn^ 

CRC^j 3CTOfi> U 286 CTO*F ?RTOrCRR TO V R<RJR* BSoSTfo 

kfetR few m, to*ir totr^t rcrj 4Rfi> TOik kfe&r cw'ra 

TO fe^^ CRTS B 5 ^#© kfelfcRR R*RJ1 T) = \g ^R I 3pRK 

®ttrri 

k = T \Bpf (19*3) 

fe^TCRR ^TTCRTETRIR ^[RTR ?FR1 CR CTOF C^TR fRfetR 

RT^R tR^o SjtV m% RI I ktffRRsf^ TOTO TO 
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C^*8^ foeRR, 

5^31 >15^ I CTO fafZFTO^ *p&5t*Rr SftfJ frcs 

If I WsR 5IT?r I 1^ fa«T5f£;R fTCSf 

sncst m i *poi *ff?rc*frHp^t^r zsfv sir (19'3) *rsffo?ro csna? arcs 

5JH =fSf 5R 1 fafSFTO^ ^Til'sH CUD' 53T, 

*TORI ^ft^SfT®! ^s ^h aBT l 

^pt^si ^53 =n sir 

voU>|T<^ <P^I 3TS^ R ; t^fSRIC^ TOI ^S*5lt®Po *1®^- 

T^TzF?n si^ss ^i %$ sti i 

r\ wnffor sir ??n i ^f G f w G a 5?r 

^r«IWW fa^TSR a^ce^ff 'Q (?IT$ C*IR®1 a^5? i£J<^ U 23B 'Q U 288 
su^t^nx^ *wm$ l «a*rc 2 ^i<n famH ^n qrar, 
'SJR^l fefTOs 


Ti = v^7 = v- ^ 1 + q ^ 3 =v 

G ^n x + G 2a n 2 


G,<+G 


s f n ± 


a ±a+ G Za 


4*mR n x w n 2 5 JM <IR^\s ^T^R'k TOJ ^TSXSI U 23B 'Q 
U 2S8 n?^?! *K«nHR? I 

aTffv®<P Ife^TPf njn x — 139 ^ I ^T*fNi CTO 

0^ = 580 qft, tf a/ =0, cr la = 690 ^ w a ao = 2 - 8 i 

c*rc^ U 286 *$R cro v = 2*5^?r, spawn ^sHfa 

Wtore srj *n§ 


(T iy V 


flf xa + ^ 


_ 580x2-5 _ vq4 

n 2 690 + 2*8x139 1 


Stafrora ^Rt^ urn ^T*ik 
c*wra sri sta? i’34 *rc«n*F F59i^o i 

e TOltffc 4*p jtrrj ^ ^ (e = l"03), spww (19*3) 

*^^*1 CTOS k = V38pf aT'Q?n 3R i />/ = 0*724 ^ 

C^“ft 3C5T »(g^*&lfar® «TCT » 


21 
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awg « ate 


P w / ^ C5*5^t5 <45* ?555K5m 33^53 

§*o ‘Roii tot i 5T®5 c*m (?t«n 5m <m p 45 5H 5*5T5 cf£i 
^F iiceT / §ia am; 3Ta5a?¥ f ^ftr cac^f /> gm am i ^ 5 f 55 T 5 
45* 5fim r l§a>5 JWs^ (Homogeneous) fsrero ara^T<T 51 5^5 4tf?5 
sprats (Heterogeneous) ^5 f55!3 (/>/) a*5JTf&5 

5TR &$n 55 1 casfJTJ 55 a*5FF sum 5 ^* ?a*s (Blocks) 5T51 



fra 19-5 


5m*nt$ TwaT'O'® aTfftras ^rafairrsi wrn faf*fa 
fa^sto fsF?rc^?r fra?£*i i 


a^ 5 i) i sikp&u 5h<pTu«i 5 T^f®m Ir^ am 25 sp* 55 4?^ csrr^ 
5I55fs SlJftP&tfer 'G5F5 ^53**^ 55 I ^Q3£5?55TCST5 a?55T e 1 

5IT*JT5 e f^l ^T^-^fF*t $5 55 | C*F?5 855 C5 f5ftsm^ 
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\ 

to;? srt 2P5TOrcr 315^13 Mi m 22 

43 * ^si Tw 19 *p$ i ftfccsfcrara 3J35T3 3*31 53 srra 6'2 fa i 

*tf33fa-$F33r k = l 3*n 53 C3 ‘^fas^’ 

(Critical Condition) aig 5C3C5 i 

fc> 1 SOT f3fff33tf& 5 r^rrt (Super Critical) ^*51 

st$ 53 1 4§: ?3^tsr fatal BR3*friH tot ?c® 

TOP, ¥C*T fataffRT SIWI <[3 &AS ff33*faR TOT *lfa? §**f?T 5C3 
top 1 §**it*r tort ?fa? tafars ^3T3 brj fataro to 

3^?taj soHfa fa&fa c*rrw *ptt< ( 331 ^n^ftraiR) 5T3i fata *pe 

$65TTO ^5aW"T ^3T33 313*51 TOP I 4§ *F8*(fal 8WW fataffP3 
3Ttt3 3T31 TOP I 43 TOT fata3?£ 3*3stfa53 ^3*51 ST$ 53 43* 
43 TO fa«T5R 43* “tfa? §*3W3 5T3 ^ *tT3 I 3*TC "ifa* 
^*3TJR 5T3 ^ fa*frfav5 fafa 6 # SIR ST$ $3, ^33 C*1T33* 
fafaTO3 TO at3T5R 3^ ^£ft3*f 3*3T3 53, 3TC^ *tf?F §**1M33 
5T3 ^T3 ^faf 31 *fT3 43* ^TO^ 5 fata TOT *lfe ^ ; 

'Sf^fT* fafa*33> 3*3^ '5T3 s 5T3 3HW 3 s 3Cvd 3TW I 3T3T3 e f'sS ?3fa*3C3 s 3' 
3C3J fafe^ ^IW ?3^3 faufaffi 5 3*3, 331 C3T33 _ tF^CJfl3l^ 3*31133* 
*5lta 3TC3* I fa^fa §*‘ S TT I TE33 TO fsfata 3^3 ?3ta35ft 
«I3 5 5T3 33®F TO 51 C3T3H 3T3 I 

C3C51> ^C3^33T3 l f'Q^[f^l3 3C3I fa'sTSR fafa’SlI 53, 

fa5TTO3 TOT &HST *ffa? S3135S 4^ *P8*(faCT TO C$m I 
C3'5RJ 4?(falW *jt^5«T 3F31 SOT^T 53 I tr'0?[fa|C3> C3*fa 3>C3 W®T 
^331 CTO *1113 S3Tta 331 53 3T3 3TTOTC C3?(faT “itafta 53 I 
4§ 513-^1533* m 5X3 3IC B9 f ^3^ 5 ^ 4C3 *fo? 

^*3TffT33 35TC5f 2IX3T9I 3*31 3T3 1 4^53:3 WZRIW “ife^ 

3I35Tt3^ aC3I5fPT ©TT^TTR 3S3 I 

19*9: (2W3 (^®ft3 f^W t£]3* ^^3 3135^3 

^«»85 3lC“1 C3^3 Sf33 C3'53t3 f3?2F3^ s ^gT3C33 ^fC3 

^33^1 ^pl ?3ta^ fW-t3WTPT3 CTO Sf^S 313?1 5C3C5 I 
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^ O CTO3? 5&T 

to 3&iiw fates - cm 35 sw fate33s Wto to 
cs^tere tot3i*i 313513 to 53i 

fafcl'W fa>flt3 ^W<P fafcrlfC^ STWTStClfa *lfa3tf© ^T3t ®?®T 
(Heavy Water) D a O 3J35T3 TO 53 i ^§31*1 Wbfw 
*jpfa? 33C33 fatam ^*rt3 toto to^p csti> 53 i *fw<ms 

ai^te* ^C3fa3T5 3T35T3 TO faf8F33 fa*T«! 331 53 I 

tot^i 3T3T33 $?s (H 2 0) fcra^w ?53it3 313513 too fafa33 

faSfa TO 53 I <sft Srtefa faftF3C3 TOW SJlfte3 t&3fal5 313513 

to 3S3 33 i vflcro ®?:<33 3wi 36313 cto 3, 

C2flfc33 5T31 4^s W33 fa6§3 C^nfa^s 53 C3 fate3C33 3S3$-TO»51 
6**(S TO 353 55 31 l C35r3J ?3C*T3 sfeiT3 315TC3J, 331 SaHfa 
3JT*f3 (Thermal Diffusion) *f5itetfa, aTfte^ ^taf3313 C3OT 
fa3S sn^OTTCfr*! U 236 *ppftfv TO 53 I T«wtoTO3 333 
TO3J 43 *W*l ^ U 28B «nfeSTCfr»r0 WHf\s C3C3 3T3 I i£l^51W 
U 28 6 ^I§C3TCta JRp5 (Enriched) C3 ^C3?33t3 6s*ts 53, 
to 3cw &s* *iftOT[c§rc*fsr aTg* aif ?vs3 ^C3?33TC33 <$S3T3 
TO 5 ? C3*ft 53 I i*4?li*r ^ U 28 6 43* TO133 §M 5T31 faWs 
fafcsCTO 3C3I S^fc-TO^l TO 353 53 I 3I3T33 

4^$ ®rTOTC33 TOI TOI3^ (Heterogeneous) <5TC3 

fa3is 3^5 U 235 TOi faWo 4*ffi (Lattice) ssrfans to 
55 1 4^ 33C33 fafarot^ 333*l-®?»lT*f3 (Swimming Pool) 

faTo*^ 331 53 1 

% 

TO4^33C33 fafeCTO TOlU 236 TO ^C3?33TC33 CTO 

totct (3«n §6 c33t§*t vfimrt ) toI TO3 toi Epffajs to 

fafaTO fa&«l TO 53 1 4^31*1 fa?ZF3TO (Water 

Boiler) fate3*F TO 53 I 4§3i*f fate3CTO S3T3 3^331 5C^ C3 
4ffTO &5 5JCTO fa 1 ^ 3T®3 ^C3?33tsr 3J3513 TOT3 TOTTO 
53 31 I 

363113 *asro fafaro’ (Breeder Reactor) TO ^ 
err^t3 5C3C5 1 t^fecro *iwi C3 frosRk 

+m$ 3135T3 TO 53 TO *pWTO*fC»Br 31 TO 3TW I (1912) 
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«iWf aiftof 5$rafrraTcsRT *riT$ qfo>n c ft f U 888 

WfrT 0*115*1 TO «^T*ft $1155*1 Wff^l 5T51 U 289 C5S?fc?RT 
$TT§CTTC&IC*r 55 I *I5*f5 £5T5 (3~ ?55fc?T5 TO U 289 

c^-faro? ®rr«Nr Pu 289 (Z = 94) ^#T5TC5T$5 
^ftwrcto 55 i Pu 239 rasrfaFS TO'® 45 

sft^TTO *{5 *fM ( 24,400 5W5) 55 i ^sHter ^r<n 

$ffe5TCST*(fi> ^5^ f^ltBf^ 55 I $f^TO C«ltf55TC55 

Th 282 fafcsfa c*ir*i U5i Th 288 sifentta 

smrefos 55 i Th 233 (Z = 90) *f5*f5 $5T5 fl” factor to 
U 283 snftpntte 55 1 C5?T^-faOT5 SrFskU 288 

$fT§75TO>T'5^5 stfsftorTO 5W5 163,000 5155 1 Pu 289 
^ntpirctoir ^ ^rnk fafefrr iT5i 55E$?§ fasifara 55 i 
4W5 ^BrtolTO *[5 5'<35T5 SRI Pu 239 51 U 288 

af\® »iT?pitw $**ra to ?rs5 (17*18 s^i) i 

U 288 45* Th 2 32 $rT§£5T$m*[?TO* 5*11 55 *f*rT«tf’ 
(Fertile Materials) i to 6 ! 4?{?to faoTSRh 5i*n5f?n5 

to 5T5 i mf^ 5T5i Wsp® fafcrciCTsr toi 

fafefcT ^55 4#1 f 5 fr**f u 288 $lfe»HC&IC*f5 TOI C*TT?^V 0 TO 

^ TO ‘N^tsr^ *mi Pu 289 TO I C5C5^5 ^b>rf*T«w 
5csi ^5c5fcT5T5 csrre ^$*5 45^ 5T5T5f*T5 s ct1«t, 4T£w 
5T5T5to tiwm §tofa5T5 CTO* ^Sl^vs TO 5T5 45* WZF5CTO 

toi faereifta *rt*$ ^ 555:5 5155 T 5 to 5T5« cto 

Wzrawa 5C5i 5fr *tfT$ *rf55n:«i c^rT^rrsr 5T*n «nw, ^tto 4§ 
cqrfTOsr cto*<3 to fa^rsRk U 288 *nro 5T5 i 

2fSR5* f5fa ; 5CTO 5WI 4SR 515*51 TO 55 CT aOSltfS f5<5TTO5 
SRI $T5^S 4^ 5^5 $5 ( 9 f5«TSRt5 CTO^ 55 I $T«fa 

fata 1 ? ct*it5T5 sri fTOepftsr sotsr ^ss 

f^^TSRt?r \£b$i*\ f^tac^r «n:*o 
I faftRTTO TO ^5 ^^<5 ifl^l 

^T^TfR 5T51 55, 5T5 TOI fTO^fls CTOPF^SI 55 I 

^5^© JF&fa (Fast) 5T51 fTO^ 
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a33T«i <3 < 35 * 53 * sfcr 


TO ‘s?«-a5R3* Wzrw* (Fast Breeder Reactor) fata 3*31 
®tf33*v©3 5[?33T®R3* i 


TO«1 3SC®r$: C3T3H to i a®RW3 (Breeding) $ri 
ri > 2 s^ araRR i qfirofa toi aW ctoto 
®ri *133^1 ate ^ts^s tjfS sj^t are 3 i at 3 T$R, to toi 
cate to fa^r§R ^aiR 3^3 »(wtfsftF3i to[ to i 
5W$T*rR3 STC^fT C*fte TO !£5ST f3®TBRt3 *WT"f (U 288 31 
Pu 239 ) ^air TO I ?3^3i U 236 ^TBTTifl' fS3TC3 3J3ST3 3*3C3 
TOffa fa&Ste CTO aT<331 TO 


r \ = v ’~ L/ =2‘5X 

°ia 


580 = 
690 


f3*[3F Pu 289 TOTsfi ^3* TOfa Wte^l CTO rj = 21 
*17^31 TO I «tfTC $$ CTOt 11 3*3JTfi>3 5IT=T 2 TOW TORI C3*ft 
S3 I C3CS<* f3f?F3C3*3 3C3J ^RIT^T! 3T3 T<sTC 3 C*fte TO 

aTC3, ^33 ^ CTO^ a®RR3 351331 *[3^ 3*3 | 

w3tof Fsafo fafcte 43< k*pr Pu 239 ^itet toto 3*3C*i 
* n = 2*6 TOSl TO I tflCTO aSR3 3$H 3S5F53 S3 I 

iflTOT C3 U 233 TOn=ft 43* TOfa f*#&R3 CTO 

T] =2‘33 S3 I 4CTO ‘TOihl aw’ (Thermal Breed¬ 
ing) 5153 TO “TO I ^TOTR^ RC*1 a£3 af33TC*l C3T?33T3 WSl 
TO I 3ft TO C3C3* U 233 *fWRt §WR 331 3T3 43* 4§; 

TO SI3 <FC3 aW33* ftTtHI3* ft^T*! 3*31 TO ^>TSC3 ^131^3 RC*I 
’TCfflte* ^73Hl3 3333 ■tffftjvs SC^ arC3 I 4 3TO TO^3 
^331^33* “1% 3° 5 5T3 fewnC«T «1C3**n 5TO I 


OTHfa faftTO* 3^3TR RTTOFa 3*Tt$? 3J3^© S3 I f3?®3 
a3*T3 3C33«tT3 3*TRf 313^® ftfa33*C3* 3^3 S3 ‘a^TOfafa^' 
(Research Reactor) i *fflten, 33T33, TOk^J a^te 3R1 
ftTO*f 9JC33TO 3*TR? ftft3C3*3 3I3SI3 3^3TW 3S®T Ofrte I 
(n, V) 31 TOJRI a3*T3 C^TO* ftftF3T3 ST31 TOT3?a C®®ter *RRf 
^aRC33 3*TC®TQ ftftF3C3*3 3I3ST3 <f3 ^ftTOR* I fafo3C3*3 3C3I 
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*m TO a§m *KTO Wfa «TO I ^TOTC TO ^rfas C3 CTO 

a*rTCsfo &TC3 fa^&T 3[ff5 SfTTO I Sptfrf <?l?[fcm TO TOT3t*f 

CTO^ fafami sr^&a TO I vsT5T\5T Mgfa, Y-^H SFffo 3^3 

TO ?3fo?T a*rT< 3^<fia 53 <1 ®ftoTC33 3faia afSR^T 

53, ^T<3 M5TO3 TOWJ a^CWI TO TO I 
% 

^TSfTCff^ C^C“T C3T?£ “T5C3 *5131 a33T c l?33J TOaai CTOS’ 
(Bhabha Atomic Research Centre) TO^fS TOaai 
^T5 TO TOC5 « 4C*r3 TO 43*ft ‘TOq-WW (Swimming 

Pool) $rF©t3 I 3T33f$ ^nft Sr*! TO ?s?5T*eno W»F?Rr I 

«lfc §*aT*ft33 TO®? ?3?IF3CTO 3J35T3 36TO 
y[af3®ro i ' **>85 c^fsr <m aaa crofts fata*? Mm 
tor, 'stc® m 200 *8$ 5TC3 *tft? §*as 53 i a33^ yn 
faea-faSTOT Sfffo 7JTTO<T TO! ^©SITPT *ffcp&3 

faM cto croafa fatacTO ?it 5TC3J ap aMnw afe 

toi 53 i ^5nT« 43* snfro 5ff^ 4 faac3 <j?af^ i 
&»nrw3 tofbrt ^ cTO^k ?3^ e$u% to^ ?3*tm 

aTf^ ItaMm-som^S fafecTO *rT5n:3i am 180 cwtoS 

fa^sas TOsl ®saS TO 53 I 4§ f^JTC $WR CS*sft **><*& TO 
CTO 5T5J TO5 I CTO3% CTO* &TOO C3T$ $*a3 

*fto 3 aMm a^aTR am 3 fafama ?3-c<aT'saT$ i ^Ta^aFt'S 
s^mrel arc®?j 43*fi> croafa fapa ^ai^r 

CTOf 5T^[ 3*31 5C3C5 I ^ ca*C*S 'em! ®?ST 3T31 Mfsg^a PFEWfa 

fataa* 3J35T3 to 53 i ^rrot t^TO «i*a afasnw U 23B ^ 
(Slightly Enriched) 3J35m TO 53 \ $aas ^5TO3 

aMl*! 5C^ 400 OTTTOI; I SsTST^l 43* ^SlfasRH. 

T 

atroa TOa^i %kx to cto 3% ^ ^ai*R cro 
^aOT af^TOiRi i 

SfT^TSf, ^1-®TT5;IS? STffvo 5M^m <fICSf'Q ^allta c^TO*hr 

f^tsm^ ^i^m to 5J&. i ^tcsj^^i 5iTa?n aca fac*m^Tim 
mtf i 



328 *RTOT«1 <3 CTOV a£r ’ter 

1910: «rf^5 lrf% 

C4*54t?r fato^ to«i w •tesiara asfca fatom toj ^asr 
5THRR*r OTflfa toSTO a«IW s^pj $to i£tf< aTfaarfTORT 
5TFnf^«f ate TORRl aTC4 I fatom TOJ *n*IT?I«FoS <W 

toTSR-a'Q ^ass i fa^sR-a^sr rector 5?r w 
c«rc¥ (3 « Y <j?*ir 3?r i fte*r as »ste Wwi *i 
err«tt?r aca* fac*re a^\5TO4 i ^ss a^aTO 
ftteat; arctass aw a%TO4 i ossrtor fato*i ST'ST'G ^ 
toj at© X-a?ar fato sstoto (Accelerators) csp? are 
^T?^s ^fa^Ta^S i 

to^R-a'S^a afc jfH 3tf§?toTO a*aFf ss ©Tsta ca^fa 
CTO* fato 6 ! aste TO aT*R ^<*05 SITTO l 4fT?l 

areaMi aai w atete fcteq ^<0 

a*tosf 305 aro i ca^®Ri fato4 atoaai 4Tta ?tor aRTO^i 
S^^RR 4<H 20T5R, *UU$ ai tosR-a^fa C4RTO 

fato^ cto ?a*fo ai 505 arcs i 

C*T a 5 * S|*pr ^<0 afe, ^55«T^? fcteOET 

a©ro ca?[Ta s?r, to *Fta •*$ a^ sftona fqa^ ss i arct- 
oror *wt to afaaa 6 ! 4ioa fato®! ca ^rr?i=T ^a?r to 

*to efaETO^far toS sa i aspg cto fafoaro tete 
a*f© am wsi fte tot 4<r srraa Swr stor &aa i 

a-4faTO ®TT?R ^aFR TO 'SRIRJ OaSfto toTOS ^®ITO fl 

mt i ^saK afr cm ct-to^TRi^ oswtor a^ aratasa 
stsjto am to, ^ttot fag^ a-ateia^ ap ^ am 
3 s <ioo aro i 05®?^5’a^n '5nr?a^Ttaa ata aaa ^ca R^t^T^susr, caif^R 
a^s caak ac*« ossrto c$s^ aim *m t^gaicaa 
*rcca ac^aaTanm ^sffro ato? am to 
ifrs aT*R ^?rs i a^^f ^r^*n «a f^c?r afma aK^^i 
wivt 5 ?r i ^c^fnsR a^fe *rr^?r a^a?r src*^ 41^^ 

sitsi^ct^ c l r^5'Q c?rv&5T ana f»rg^5 a-^ta^R ^^®4T?r4 fs^i ®nca4T?r 
to an& aftwto 5 ^ 1 ayss ^totor 31 cartoa ato tot 
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W*T *lto TO SlfaTOR TOJ RJTRTO CTO 

rtrtrr to i r^tcr to*tj rtrt?rr tortr'si rsto 
TO ^TRRTR I 

cx-^rto cotsi *p to i crs?rj <x-?r8rtrr *rt$( rTr 
apteral 3r®JTO stcrr =rr to ^r*tt ■jpto rstrri 

wrr&fv to ^ i %f$h re*t p-ton?w *rt< Rfa cw&i 

^«JTO SCRR R1 TO ^©TTO aT'fk^^ ?RC*1R SR Rl I TO 6 ! 

0-Rstora c^fFsi a-^?efTO ^rt?t CR*ft too 4<ti ^ c&f to 

C*rSSR ^T«ITO CR*ft R?T *Ffo TOR TOCs RTCR Rl I 'sT5T©1 
a-^tom ^RRTR /3-R?RTO ^TRRR *TO®1 TO STOTR eRj 

j3-fR8Rm<F c^to to tor toc^o a-Rtom ^«trtr *#5?r 

*fto*l TO^Tf^s TO SR I 

falters to^ cto ^itrrr ^s^si rt§: i fof *Rtar to 

(n,Y), {n,p) 2 F $fo fato &TO W fatol *KRto RTO TO 

factors rtto sTRfc'rcsR *¥fts sc^ rtcr i sffacRTRRsicsR 

RCRJ RWR> R?RRTOT SltC^TWR RRRT^ RsRTR RTC^ I R|[RRfo ?R^§R 

r$S <s$ 3R st$ot:®?r rtot^r cto*f, cerr^=r to cRTto sr, 
rtr to, snrr 2‘23 ftr-$-c®i rTsf Y-r?ri tops SR 1 >*toR 

Y-CRRt>R c*tCSR toRTO fato (Tissues) to i 

^T5T^l fR§§R^R ®?lTORCRR RWJ Ef^s ^tolCR R^sRTR RT^CGlTC®?R 
*RPlT®p C^^SCTO *TTO (n,p) ?R?(FR1 R\R^s TO §e&Rf*F CSJT^T 
fRS^F© TO I RR C2fT(>R a-^tom R^s *{R ^STCR ^itrr 
TO, TO TO OTR tom SfHtaSR , #s SR \ 'oTSTvgl 

^>R?3F fR^SfR sfNWTCRR ^^JSR’S STSCS?IC®M C^'Sr^to^s Sjfvsfa*# 
(Recoil) TO, TO TOT CR?[to &SSTCR TOR TO 

ijTyjw Trr^ ^ I 

XmH Y-^*ffo aT^tofK?r rc«t^ tor to i cto 

cto cro TO*n vn^ ^rsk Wwi toi vm. ^iirto ctoq® 

CRRRRSL^ to£ TO $$ C?TTCTO TO S3 I 

TOf rtto TOfto Wtor ai*tefR?r ^ cR*ft ^ to ri \ 
R^®S R^r^TRf^ R?*g (Cosmic Rays) »w ^TOm RC<I R^RTR 



330 WJ « re*5^ a&T ato 

cms?toi amN fas^m fatosms^ ^rmirea rera &are m=fri TOfmm 
?m i i^chs mtmmi ^sir re mi ^mirem ^rc^m are? fsrem 
stores* ^ mi i ^asaw §b& mtemi m*asi w*a¥hr toma 
sfr ^XW^a are sto 5m, m^re aiatrecss ammre 3tfm*S sre 

aTCS I DITTOS 4 CTO S^tmmi, asfmTO^ IS&nm, fa^reto, 
5Tfm a^fm rnimmia OTas atre i mrer^i sffareires 

at safer (Mutation) ots *[a am i tiftm ajia't ^ 
mtemi m"as- fafsarea siai sfa aito5; &rmT?mm (Exposed) sm, 
am m^a m^reil aarea mis sre aire ; mmi^i f ammij, 
srfmmTa a^fm cairers sres^ real am i 

re*5afa toi asm rerea §are srTafmm sm wi renara 
caami sjrjms ami ars mi i to ®?hi mi sitto rerem §are re 
tom«t atam mi c^Ta^Tsri ss =n i cms?mi cmsitor a*n«f to 
asHi amis mare wi ai re*e¥hr fafoma* afa&Mmi asm 
mare fafm??- aara fataas toaa arera siai to^ fafsarea 
mtamia afm ®fh sisi ^frsrnia i 

resss'ts fatoa afs&mRi asm mare »na< ^a srcai aia^m 
tafm?a a^Ta to sts? aaia mare stfm ^ter fataarea m*fatm S'Qsis 
m^rami i cmeimi fafgma^fa miarasms ^ a^kSs ato S1S1 
cafo?m aire i fafsmrea arei ap ataaire l^retoa si carfasia 
sja^m 5 m, arrea tom cmsfesmis afaam mafsa i mmrmi 4 rea 
are ^asr fsTOm-m'Q^to as^s cm®fes 5 m i aire aire 
i£t*[frire re^s^ ^T®nsft (Nuclear Fuel) care aimmto astfmtm 
^saT^m aai areisim ^s 1 mi »n ^ca fafs^re mrc^ ^tw 
amcm aire jti 1 siwi c^tr remt?i tofa cama ammi 

^ caa*t 1 re *m to®?m-a^ ai mires fssito ^ affT^as 
stf®rfa;reTa ^ 5m carfare ^amtfm ^sm mare torn 
rnmaimmi s»si arersim, arcm ?pa^a $res care faomm 

cmstto fstoa ^tsi ^fmg® ri 5R i mmmams amma ®?^a, 
^-fim 5 ©^ (Remote Control) a*s SIS5TS TO ms TO 
^si 5m 1 



19*11 : *Jirat«tfw (^W 

(19*8) vqpqtx to w cro^ifa 
csitS “fis* sfa trot sf^i 5?r f^m®! srte 

ms i 9 RPU®rf^R s c^tstrt siwj ^ (Enriched) U 235 q n fe pr rcfrre 
3J<r5T?r TO 5^ l TOIlOTes ^tt*pt (Diffusion) *wtfv5E5 
^tofrocsra wfk whr UF 6 c^ire U 286 snftpntfm *prcsfao to 
^ i cros stwi w Itef^Tsr stskt sto ararsR, 
TO*I m (Impurity) sic*fj f^| c*nf*F5 

^ 5W, m tot ^to-Wto *ni *rc? sc® *trar i croafa 

Mracro 1 Prt?t ^rerarcfa^ cto siot <^Tt> ss i 

ctoff to m$i ^®rw ctos ?®®<r 

w sea m\ asps c<fT5iT^ israfo f5®a *rcatf ^t?i^ 
(Critical Size) srcwi m sc*r *[W-fafoai 5ifa® <u*n 
*raa sa ?n, stfrc kp'SFRr®! afe *irca in i 

U 286 croRwjfaa fafetera to fa®Tfci® wfT?r 

*rro®i srcwry® ^raa* ca*ft 5csT« ^r®t?^<p carcia *rc*n fcwr 

fa®T5R fs^sN^W sjpsffo TO3T3 SRI fa?W* aiaSTS TO 

sa ni t faaw aiasra to*t c^t^t^t ^na^n w *br ^rfshref 

Ca*ft SCa aTl l ®T5T®1 k^TSfiRa ^ *t% awfc 

firsts sc® *trca ni i c*tbrj ^irofa? c^Tsn^r acaj 
Wsfa siaT^ fa®TSR to sa i 

3ITTOI®: **K# ^TffvsiT SICWI f5®a U 235 ^ ^ 

^fo® a^a WE&rea sna®n (Super Critical Size) 
to sa, ara ^ fapana*i ac$ \ 

^tafcarcarea cakr ^Tfnarcaa Pu 239 *n$pntfr*r aiasia 
5TOTQ ^taaT'tfaa* cairn Wrc to aia i ^finaia ^rcfaawa 
SRI C^rsn Tr^T®! ^1 ^«r'®< I '^IW(C t f?l' 

C*fPI PW CT kt’W®! ^R 5?r 3IWJ Pu 289 

TO ^1 I 

v£TTO C^ *tkr ^1 ‘♦RRWt^s C^TSH’ 
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^Sf^fa fa^lh fadlfa^MI^ I 4M e 1 C*T C4H *TPTr?lfa^ <p T5ifa>^ 
^RRrRfa^ ; WT^pfs^ *KOTW*T ^1 fal^ir'SjC.H^' 
*K*fc <JPIT?ta fatal wftm ^ <SW <n*TT*lta *tf*? fa?3p 53 l 
sjvsarc *rr<n<m cotts taro™ ^ ®mi c*r cot 

^T>u?ffa^ fata toi ( *rai otii ) c*i *ift? fa§^ 

53 ^1 ^ 2ff^ 9 lC , ¥ fa^TT^fa^ *tf*F 1 3^<ITC 3T3T?lfa^ CART'S 
$m w ^raOTfa^ c^tsh 1 cOT^fa tare™ m\ C3 *ifa? 
fas^s 53 to af® ot 5^1 §te cOTto “ifa? (Nuclear 
Energy) ^ U 236 31 Pu 230 3J35T3 OT C3 C3Tsn fate 53 
TO OT 5^31 tom COT^t?r c^rsn (Nuclear Bomb) 1 

sm c3 *rasnfata c3Tsn fato fa^csm aT3 c^ramrpi 3 s9 # 

^an«TC^ SrT-OT^ ?5t3Tta W *33^ $ft *15C33 to3 

^TTESffa^l 3fam 53 TO 3*t*T spp 5f^J CcTT^ 3^jfam <£$ “153 

gft 3**$ *hct ^ ^rm t£i^ 35 »re ^ita arcfa 1 totv?i 
35 SpF 3J?SF fa^snvr 5S3 OT <43* C^SffaF?! fata™ SToTC^ 
OTTSi 9 ! pCT’tl C^TC^f WHS 53 I 4| C3T31 ^ft3 faFTO 6 ! 

aT3 20,000 fa ft, 4 ^, ft (T. N. T.) ot* 3TTOte taro™ 

33T3 ta, 3?*T<3 4PRT 5IC3T Sim OT3* fatcTTCfTSI COT3*tr 
3J35T3 3*31 53 I *133^1 *[Pf TOO TO3* to^ faPTO®! 
sr* 9 ^ 3331^33* c^Tsn fate 5t3£5 1 3 ^sith TO&rta cro 
^sriqfa^ c^jsri fa3TO3 ott <£1 acsfti ms 1 

19*12 : ^C3tatC3f$3 (^T 

(191) *\qpm refa <3 to w?itff §toifa3Tcs[3 to3 
srptfm fa tor 3^1 oti §to?;T3TC5ir<j3 C3far (Transuranic 
Elements) 3TO oc&to w ot 1 tonr 
&& ac^fti wi $$U 1 ^r?i ^>15)80 m& srrrafaOT ^m$- 
nr snT^tsiffiT^ i£i^ ^c^Pl (McMillan and Abelson) 
jnfcscs 5fagf?rsr |tofa?m:snr^?r csifar cjt^^^si ot?t i 

(19'2) wfta «a ^tofamcsiOT oitanippr ^Ttan 

Wn^w ot 1 
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19’2 

Z ester 

93 OTfctosf (Neptunium; Np) 

94 3[C$Tfa?lR (Plutonium; Pu) 

95 TOifa?«rcrm (Americium ; Am) 

96 ¥^§f«raR (Curium; Cm) 

97 (Berkelium; Bk) 

98 ^ltel#faR (Californium; Cf) 

99 «n^«&rifiraR (Einsteinium; Es) 

100 OFffoiR (Fermium; Fm) 

101 PTCTOfeSR (Mendelevium ; Mv) 

102 (?TTWtaR (Nobel ium; N o) 

103 TOjfrRR (Lawrencium ; Lw) 

104 f^rcSrtoR (Kurchatovium) 

105 stoR (Hahnium) 



CstPR TO?$ toft tore 


fcwrorc to ^?n sms « 



W CT'^raR (Z=93) 

U 288 TO fafcfc? RRTOR (Resonance 

Neutron Capture) to U 289 RiftpiTC&n 3$ s 

92 U 288 + 0 w 1 - fl2 U 289 * -» 92 U 2S9 + Y 

U 289 p~ totter ss i to 

Z=93 *RRRto toji *r**fsr a«R Itofaswss c*ter cwg* 
to?R (Neptunium) Np 289 sftorcSm ^ ^ s 

,,U***-^-* 9 ,Np a ““ (T = 23‘6Wtf) 

sjjT^taR w 4W3pR ^Cfrsito *iftpnCT (Trace Amount) 
^*1^ vflJt *1555? <?(& 

2RT*t TOT <R <*R §&?tf!RR CTO W5 ' 


334 • *RWI*l <3 CTOF 

mm fafcsN toi ^*fs* ( n,2n ) s'fcm Np 287 

*ire?n m 

98 U 288 + o *P- 02 U 2a9 *- 92 U 237 + 2 X 
92 U 287 _?L> 98 Np 287 (x = 6'7 fa*) 

Np 237 snlwTcSm a-fa*$**ifar (t = 2*2X10® ) i 

(*l) ^cSltsTHR (Z = 94) 

Np 230 ®ntOTld>T*tf& Cv5®tf®ff3 55 1 P~ TO (Tift 

Z = 94 *rasn*to wji ^fen* (Plutonium) § <?ta5 
Pu 230 5S S 

»»Np s<19 —5l*o 4 Pu 2a “ (x = 2’3fw) 

Pu 239 ^ntpncSr^Q i m 5tf®?fa*TO f\ 

w a-fa*$**ffai 5?r s 

84 Pu 2S9 _% 92 U 236 (t = 24,400 wnr) 

*f5sn«lfa^ C^Tsn ?*fe<T m £$? Pu 289 3tf$OTTcSrC*f3 ^*{4 ^to* 
^«n (19*11) si^rasw ^?n 5C5t5 i 

^i&8o vims c*ire?r to snrffasin w $r5 $®r 
U 2n0 $iT^?fTrito*f?r §*0 (d,2n) fatal to ^cfrfrraTGW 
TO ^T^TTRta Pu 889 5lTfa*TO ; 

92 U 239 + 1 H 2 -> 08 Np 24O *-»- O8 Np 288 + 2 0 n 1 . 

Np 238 3[T§FTTC$mfi> p~ fa*lta TO Pu 238 $n^OTTC$TC*f 

98 Np 288 _il, 9 ,Pu 238 (T = 2*l to) 

Pu 288 a-tosrifar (x=90 ) i $$ 

mzm awto csrk^ swato 

tafafvs 55 I *155^ OT,£fa?TT5T « TO<3 TO? 

^llfcCTIC&PT ?51 53 I 

§ fas H8 I prtWTO S&HRTPRI 5T5 C**fft* « 5C$H1 WNH^flt* 

^csfamcsra *iwl art* ?;ffa *ra c?<3?n 53 c^fasra i 
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^88 Wm *f?T CTO ^lfJT?lTW?r TO TO<3 4*TT<rf& 
C^fa 5CTO I 

$$ CSlfa^RJ ai^sl$^ 4$Tfa$ $51 TOC5 I 

<?T?[fa ^ C^fepS I 4TO TO TO$*(fel $31 ^3 

©?ra><H t a-$fa$i 3ft«i3 to i to c$r c$h$ 
*RraT*fa$ c^Tsn tot fcw ^c*p to<s to?ti 313 i 

(Z = 99) 43? c$famsi (Z = 100) csftotftii 
4^&*f top 55 i 

(*t) ^tcsiM^tst (Z = 95) 

/ 

U 238 $n$pncto3 §*rt ^5*^ a-$fa$i ^«i to 4§: csiW 

^*ra $3i to i 

92 U 238 4- 2 He 4 —► 04 Pu 242 *—► 04 Pu 241 + 0 n’ 
94 Pu 241 _?l_ 9s Am a41 (x = 14 3*!TO ) 

Am 241 sn^CTTCfrn a-?33frr*it<?T 55 (x = 500 W3 ) I 

(3) f$§?3TO (Z = 96) 

Pa 239 CTO &5* t% a-$fa$T?T fem 4§: wfa §w 

$31 to s 

24 Pu 239 + 2 He 4 - 96 Cm 243 *- 06 Cm 242 + 0 n l 
Cm 242 x = 162 T«r 53 i 

(«) 3T^ x fa3Tsj (Z=97> 

«fr5“fv5 TO3 $pfsftaT$I*T *F*m Am 241 CTO 
a-$fa$T3 3T5TC3J Bk 249 (S**ra $31 s 

96 Am 241 4- 2 He 4 ^ 97 Bk 246 *^ 97 Bk 248 4- 2 0 n 1 
97 Bk 348 fli 96 Cm 248 (x = 4‘7 ) 

(5) $nWfcr3T5i (Z =98) 

Cm 242 CTO a-$fa TO <£& C3fa $51 TO * 

96 Cm 242 + 2 He 4 - 98 Cf 2465 le - 99 Cf 244 + 2 0 n 1 
9 B Cf 244 —fL_*. 96 Cm 240 (x =45 Wtf) 
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*RTCT«l >G C^SS 

43 csfa^for sftj *rfcjjsifr? TO1 sfa® 

®lE*W$\s 9pp^T?r ST® 5 ^ '5Tf?lf^v5 *m\% sptfTC ^SU*! C^*5¥ 

^31 53T l 

(5) (Z = 99) 

?ife!ln:$R *i?pn*pr w*fa ^ N 14 

CTOP sfa ?lfegsT§?T ^TsTl &5* i% to U 288 ^tIwtcStc^ 

§*ra ^?n ^?r ^t^®t sn^r^ftfaira (Z = 99) 5$ s 

92 U 2ae + ,N ;L ‘ l -»> 99 E 246 + 6QW 1 
(w) (Z = 100) 

sijjto U 288 §*et O 16 crop srt*i to *tmi 

to c^srara «n$OTTC$m Fm 860 s 

92 U 288 + 8 0 16 - 100 Fm a60 + 4 0 n 1 
W) CTTCFlfeTO (Z = 101) 

csfto Es 2 58 3 tt§ctoi>to 
to CTCTOifesTsr Mv 26S ??n to I 

99 Es 263 + 2 He 4 - 101 Mv 267 *- 101 Mv 266 + X 
(^) OTC^Tsi5TP5T (Z = 102) 

Cm 246 *n$pm£rc*Ri §*nr C 15S c^tos ^«i to (FTOfaiTO 
*n$WTcft*i No 254 $w to 53 s 

9a Cm 246 + 6 C 12 - 102 No 268 *^ 102 No 2#4 + 4 0 n 1 

(fe) TO^faro (Z = 103) 

Cf 246 CTOS B 11 cw TO30OT TO^TO 

«n4wioJw Lw 267 few to to s 

98 Cf 246 + 6 B“-► 108 Lw 267 

108 Lw 257 __ a ^ 101 Mv 263 (T = 8-6 OTP's) 

(i) ffrcfrfero (Z = 104) 

Pu 242 (Z = 94) 3n$pm&iW3 fe*ra fes5*fty Ne 22 (Z= 10) 
C^*5^ ^*1 TOT C*ltsT feS'W TO 331 I 
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0®) sj'fcm (Z = 105) 

Cf 2 4 s (z = 98) ^tIc^ic’RT N 18 (Z = 7) 

cro* ^«i to cstNt ^<n 53 i § 

$®rafaaTwra?r c*itei to fat ester tos to 
stfTOa cto fa*r*k a? ! fes areai srra sn i turn* *RRi*ifa* 
*R*m TO5 Z = 43, 61, 85 aw 87 i strata *n§OTk 
a^fo ^sprawls c^*5^ fatal *rcqta to isiprt c^wkn 
sn^ncta ^<n »re^ toes i csitei^ta rr c?«*i toes 
spifTTO dffaksR (Tc), afataR (Pm), snpjftfifcr (At) 
IFT^tasi (Fr) I vfltfRI STC«n Rtfstfafik (Z = 85) csterfik <lTTOta 

fata to*hesr csitasp^r i ac^ s^taR 
(Z = 87) sm. TOk csifa i 

19*1B s £TO#kI SKCTtBR i fifipfTl 

C¥*5^ fa®TTO3 TO ks^o *te? 3JPW ^TE®? *fMk 

fata c<*e*t ^snw aksiTC 6 ! ^ i too 

«Rtcra c^s^ fatarc 3mta sore*!* m\ c^^k 
fcWfETO ®RJ *Rfa^ WJS^\ BWR TO5 I fataTE^ 

‘c**ER*k *KOTnsR’ (Nuclear Fusion) ^n^m c*f«wi i 

to^ ^TrinOTft CT*BNk *kotsr fatars tat 

faifaww ^?n toes : 

1 H 2 + 1 H 2 -* a He 8 + on 1 + 326 k-^-c^i 

1 H 2 + 1 H 2 -* 1 H 9 + l H 1 + 4‘04 W-OBi 

1 H 8 + 1 H 2 -* a He 4 + 0 w 1 + 17‘6 fa-£-c®i 

a He 8 + 1 H a -►jjHe 4 + 1 H 1 +18 3 M-CCI 

(1712) R^EBTO CWl CTO c*r TO 5^ ^ TO*F1 c^5^ 
*Rt»lE?RI *ROT *tqpBF TO fatal TO apt afasjR *lfc? fas^ 

§ fas HS I 3p£ffa ^TTCsT ) ^TWfa^H fa®R^ C^R^fl 'Q ^*T?f 

TKcrorkf TOiftftfc ^css asrctff Z-116 « 126 aasnifa? 

(Super Heavy) ^c^TjncsrRSR? 9 iM t i;?( ^tkcro ^rr c*K5fc5«? i 
»iw;f»r a-fa^wk 'Q (acra '^‘ikfasppm 10" 9 sfita i 


22 
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53 i §*rc33 ^ 153 * 1^1 c*x& c*wi m C3 tkcttstot tot spfc 

C3*g3*(far3 5TC«fJ 3T5®8 43?$ ^Ttff C^^Sfta ^T=TT?r §B&®3 <53 
*T=m 53 l fc*n53®Wli 9 T ®3U>3FT3 *KCT1TO3 ( d - d fatal ) 
3C®T 53 43^ H 8 (<5pjfa £t|$ 3 31 fSfita C3*53 ) <5U3 31 53 
43^ He 3 C3*53-^*fST 53 I &53 CTOll 3T3 4 fa-^-C<51 *lfo? 
fa?^® 53 1 <5fT3T3. <53^33 43\ fstf$3TCT3 3“C3T®fOT3 (d-£ 

fatal ) TOT He 4 i£l3" fafc&T 53 I 4CTO 3T3 17*6 
fa-§-£51 *T% fa?3J® 53 1 


<5|T*(?®® ©3^3C33 *lfa? 3C3«$ ^5 31 503 ®3t$33 43* §1^3 
(Triton) f<33 fa3$*it 3«T 3Tta *13^33 *{3 ta$ 3T^C3I «9W 
C3*S3 fatal 33t® m3 31 I *33133®? 3C3Wm3 

4^33 03*53 f3?Q3n ^^33 ®?3I 33330*53 (Accelerator) 
3T5TC31 *fa® ®30$33?p§ 3I35T3 331 53 I C305<$ <53^33, §T$$3 
a^f<5 5CB| fa¥ 03*53^3 3TC3R 3°3^ 3fa31, 4053 3C3I3T3 f®!3 
f33^ 3®T 3 TIjT 3T3 ®r3I SOTSffifa *lfa? TOPRf® 33 53 I §3T53«i- 
^3i*f ^ ®30$3C33 3C3J 03*53 fatal *T*3ftj® 50<s 5t*f C*r${far3 
*13*3033 0303 3 X 10' 19 0*tfa *W31 <5^3* 33 *£303 <5[pn 2fC3T®R I 
4§! ^3^T3 4053 N?®*!?^ 53 


(4*8xl0" lo ) s 
i? ~3x 10“ 18 x 1*6x 10~ 6 


= 0*48 ta-c®i 


3JVS3R ®30$33?{ta 2fT3fa3 *fe ^*1C3RF 3131 3**f*T 50*$ 
®T053 3C3J 3\C3T5?3 fatal 3te *1T03 I ^?33 C3T3R$T3 3®lfWl 
®^ 3F$3T3t <5fC33 33 *1% 3^ <53fl>33<3 3taT3 3T31 

*13*3033 3TfeTC3I fc*lf«5® 503 f^F31 ®^te® 330® m3 (17*13 
5^31 ) I 3S^®8 3033 353 ^O s T3li»T _ 0®fa> ( ?3 _ ^"C®1 ) 
*tfa? 3fa3T3 3T3T^ 4^ >13 fatal 331 3¥3 I <513*11 

&5®3 *tt& 3fa31 3J35T3 330®T fafapfTl >TC3lta >lSr<J®| C3*ft 
53, 3p^r^ fa?EF31 3|rjT<^ 331 3fC*f , 3T^® 515®? 53 1 

33*13*3 313513 «T1 303 <5131 C3 §m3 C2JT$*T, <53C$3*T ST^t 5 ® 
3?33T35^3 *lfa?*lT®f[ 331 ^3 5^ 5^OT^, ®3C^33T3 

T® 5133^ ^3 &5 ^3®1 ( 3E33 fafoT3H f®5l1 *1$% ) 
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TO CTOT1 I 5^5 ^ (Kinetic Theory) «W TO1 ^TT?r CTO 
dittos 5 s ® to ro, to ^ toT 5 c5a ws &5 

55 I T° C5^ $*S1 5 B 5?T 5JTCTO SJ®[*f?9Rr ^ TOlty 

£=ifer=r3xio’ 4 r *«n 

4TO £ = 1*38X10" 18 TO/feat C 5155 C5IWPH SP55* I 
«i^ss T 5fa 10 7 fesft C5^=r 55, tow a? vsT^k »iter sir 
fron-fesRsfe-OT^ stTffi ?P5?T 55 I 

CTO 5T®5 WfW i£lfeK*f ^ ^jpto 5gg 5RW, ajTCTO SfTOEf 
5RRPT *tf55&T srctffrs 5C5 I TO 5 ? 55^ feat §5*TO C5% TO 

roro kf«^ to «rr?r <sm ^ afcrokt ro*n*f*(f5T ^ 
TO5R 5^ ?555«1 <?5W siTC 5 ? l §*<51 5fa TO 10 4 

fodt C 51 <5C<5T?55* TO 55, TOW TO*TC5 f555*P*fkr Sw*to*(f9r 

*[*5*1*1 C*f5 C5C 5 ? TO TO5 TO l fcvsi 5C5«£ ^5 TO 

»t5SII^(kl <5TFT5 *T5 fesrafr 5T5I5 45* *HTFT5 TOJ <5«R 55151* 
SfT5H5T5t CTO^fa 45* ^5^ C«t5 WW fafiro WW $W*$T5|f®r 
^TOOTT 5^ f555«1 TO I aiTC55 4§ TO^TW TO 55 SfTf.sn 
(Plasma) i sfT5r.ro §*^i 5<© to, c**s* 45* §w*&rsjfaR 
w toTH “fa? TO §S5 55 I 315CTO 10 7 ( 4* C*lft ) 
fesfl C 51551 TOQ TO 4$ 5© <5T*ft5 “fa? 553 |W*&T CTO> 51 
<aCssT?5* 55 i 5f vss snTf5f<3C?mk 5^5 *p (Maxwellian 
Energy Distribution Law) sr^rot 4^li*f §e& §TOR SfTf.ro 
TOT 5$5H ?*f *T*5J* C**5C*5 *lfo 9|f voHk "if?? TO 1 *! 5 C«p£ 
§ITO5 55 I *T5 C**5C*5 *(FF f@R ?5*3 c ft 5*T TO 

*f5*TO5 5KC5 fafcjRl *5T5 4*$1 #TO *I§T5M1 «5TC* I TO*R 

21TO5 51^5 4§?&*T C^»5^ ?5fa5TC5* 5^1 55 ‘^T% (^*5^ 

ktar (Thermo Nuclear Reaction) i 

m 5TC5 C5 >4^5i5 ^vsl ^5Ff?T TO 5T5 5$ 

^5TC5 ? WTO JTTO5 51TO55TC55 ^^fil 10 7 Wt «TO"W1 ^55 
55 I ^5 5iT«I5k^ §5»31 SIR 2 X10 7 51 ^ C5Tf^ Wt 
c^a® 55 i vnfesn <a^5 TOff5 ^to ^ 

>T*^ SfTf.ro TOI 5'tro ktro 5M5S1 CWWHJW TOI ^T5k 
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*r?raT<3 * w ’fer 

C8*S8* fefe81 305 sure I <38 TO! 35*3 "(ft? §g^s 38 1 

cwft C^Tft 8^88 «ICf Jm8Tfe8 sreiBERT ^^155 §*«1 3T*rfe8ta 
SITC88 5RJ ffT?ft 30^ ^ *lfe? I spRT 3?ta £fT«lfe^ 83T^8 
a®TOT WI 3JT?T®5T 8R05 qTCT, S5*R 40T8 §*Pnc 1 ^fei 

C*fC5 81 CT I §8»ol 8*R 10 7 feat 81 TOntw 38 , S5*R SaT*ft8 
c^g^ tain wta 3t3 ^ 38 i 8 *r =rra8 §nfe<y$ ww 
«fe fefaspRr 3T8 ssT^ffe fetal srta *rfe? ^*n*R 

3TC88 TOR 38, so*R 3TT<r TO &PsT8 ’tfe^o!? 38 =71 I 

^jaoia *ttot C8C8 (Hans Bethe) sir* fewr=ft feta a*T8 
c*^* fefe?n *et *t 88R8 fefem srcqfifc 3^818 w<& 

^8 ^fe 1 $j& *ttc8, ot asT^iii m \ 

c^g 3 ^^ rsjtot 8$8R fc*ircR*Pip38 tou 3i§croR8 aT8Ri 
*rafe* ( or 35%), 3p<rrc C8i8 sjspR *rr C8 

?T8 3feSTC«R *1881^8 &5 C8a *&R 8>£8 fefefT 2f*T8 

c^g^ fetal *ot i C8m srai=[8TC8 ^or src«n inw 

«nc*r *c8*f& fec*f8 88 ot? r fetare *o*r &T8ft cot^t 

*T\t8Tfe^5 38 ^8" f^fffraR c^g^ 3^ 38 <3 fe§p>l “ife? ^^5 

38 1 4§ fefeST^ ta Q3R5 ^*88^*1 8T81 fetf*T 8*81 8T8 8 

6 C ia + jH l -> 7 N 13 

7 N 13 -- eC 18 + j3 + (x = 101 few ) 

6 C 18 + 1 H 1 -- 7 N 14 

7 N 14 + jH 1 -* 8 0 16 

8 0 15 -> 7 N 16 + (3 + (t = 125<7TC8*8) 

7 N 16 + ± H X -► 6 C ia + a He 4 

OTT 8TC 9 ! C 12 £**5* CSfT^T 0*1788 8^8 I 3TT8 88 

08C88 8TC*t «H8^& 5^ C ia C**H* ^*PT 38 I 3 Jn 58T< &*TC8 s&OTlta 

feta feta^fel TOfife 3^818 C ia ^T|WTCfe^8 C8I$ C8SR 
=n 1 C ia C8*r ^8^8 (Catalyst) 

88SF 8^8 I $^88 C8T8 8P8Wf'W81 8T8 8 

.H 1 + 1 H 1 + 1 H 1 + 1 H 1 -> a He 4 + P + +13 + 



fasrsR, §§C3fa3T22re2 22fa 'Q 23*9^ 3t22T5R 341 

^^2 33 fafiF?IT^?eT 5<33T2 23Tt» 3>2®1 52S| 22 5T3fi> 

2aTl>3 f<R^ S3 <W 43*ff> He 4 23**53* <3 53 I 

3TC3 t'TS^'S T<TgF?n *lf*F «W afer&T ®[fi>3 «f23T*T 3*22*1 
22T$ -^5 *lfel 2R *3*331 2T3 aT3 267 fa-^-2«l I §*122 a*tS 
faf2F?[T5j?®TC^ 3*n S3 < 3*l4 r l-»l[^2al2Sf ? T 52*’ (Carbon-Nitrogen 
Cycle) 1 

-^sSirST a^falS srei*[3T23 3*Tfa-3T$CSto®H KF ^^6 S3 a3R5S 
7 $ 312*12*1 3532*1 23*ft ^®T asn 2F222 (Main Sequence) 
32*23 t?®f3 2231 i 3*123 '322*25 *rfe ^*iR232 sra *(3 23*ft 53 i 
5^2 323J *tf*F ^*fT*r3 S3 *(3 333^S 3RJ 33232 3*233*fi> ?3ftF313 
TO i ^ ?3ftF3T*{fa23* 35n 53 ‘2aT$3-2aTt>3 5ff* (Proton- 
Proton Cycle) i 4 cto« BrafS 2aTifri3 3<22 Tsr 53 « 43*?i> 
He 4 23**g3* 53 i ftf®* 3T2*f3 f staffer fasfaT^re 

sT2i fa2«<f*re 3*31 213 i 

1 H 1 + 1 H 1 -* X H 2 +j8 + +v 

ilV + Jl 1 -%He 8 + y 

a He 8 + 2 He 3 -* Jle 4 + X H 4 + 1 H 1 

'£I2'¥23 fafiRH ^*^IW3 512 ^2*WRFvo ^2*13* 2^3 52 I 

<43T2*T §2?I223r*TI 23 sr^22T?W3 ^1523 §*123 2FF5 2T^T* 

2fe§T2®H 5F 21 C2IT^-C2fT^ 52F 43*3T3 2**$ 53T3 W ^ 8ff 

3323 5123 5<331 a23T®?3 S3 I ^1 22^*3 ?3*TT*1 ^13^ 

5Pa?T STO^P^ SftSJ CST^ 5K3JT2 aT£2fa SR] 23 f3^ af22N 

*fc& ^*1?* 51 ?© 3T23* ^T2 TO 2^22T?S? *Fd *fi© 23*tf$ 3W[ 323 

2123* l 
* 

OTffa* Sf^s <5T*fa 23**g3* ?3?2*313 TO *T^F &3*ll*f233 
§*(23 aWS? 232^ 222 ST© *(123 22 '»iMltfF3’ 

rj?33te §*(23HF *15ffe© *lfe §S*(!*R 3*31 3S3 3^ 21 1 *5[T*(?33* 

2®I^T2 2^33*1*1 (23? a?tfts3 2<T2a^l 3^ 3513^ S2^ anffa* 
2R3 3^111232 ^T2®f a23T^T 3R1T2 2^1*1ST ^^3^ <F21 I 22 33 
Wd* aTft^3S 22W ^1221 ^T53«l ^T2 2231 



342 a33T«l ® CTOF a&T afeRr 

^Torr^ft £®*r a^r® 3TTOfa35 *rf®R few, sffi-fasrc 
(Hydro Electric) afe*3 few, §fec 3 fa 3 Tsr sn*fe ca^ts ator 
few i 3fesnw rfmfa ?3fesr wca <?r 5 ira a?® 3i3^® 53 ®rc® 
isft 33 *rt«Rr TOa* a® 333133 src^i to 3 T 3 T 3 nsiani i 
TO3aw ®Hto cas^a* fafeaTa uai afe 1 fewRRa aaR few 
sm 5feHTraw3 ®nit wSpncfta (H a ), *ffeata sRiroisjfaRr w 
ai3 ar§[$3 C3R tor r| i aw aiff®^ 5 T§ot:s?r af® to 
35H 31313*1 5T$CSTWR a<RTt(3 3tfa 43fi> TO .®Tat ^rttSTWR 
aasirg M*f® sirca* i g®3K ®Tatn croafa a3rf®c® (Thermo 
Nuclear Process) ®3C&33 33C3T5rR3 3T31 aia afro 3J35lfa* 
aiaia to® aT^ ’jfaa'k® afe 5 fe3aran3 brt ataTSRk fe3C33 

333JT3 fc33TO3 ©fin 5RT«JR 5C3 TO I 

®Tatn croafa awf®c® afe feaaro3 brj n^ira tmm 
W$F5 fe*p®i ( aT3 ^ c3Tfi> feat) 3?fe 331 i feTOfe® awi*i^ 
M $f®JTO ifl^a ^JB5 fea»®T3 53, i£)3«n ®7R1 WE5 I 

nfa a^srra?^^ cairo ww^t to croafa 
(Nuclear Fusion) ^fe^T<ft caw aatf, 331 5T^OT:5R, 
TOSfanR ^®nfe *5T?a® to*, ®tto aaTOfaa* carai faroaro 
to fe*asr &p~m 33 a*FTC<a toj fefarn 

(Fusion Reaction) aspjjfrfe® 5£® TOS 5C3 i 43 ^FC®T fe|® afeRT 
a®TC3 faTOSTO fees fea»ol srafaafe® 3TTO 43* ^rf® TO! 3TO3 

srcai 333 aftrn a^ 3 *ctt«r fafania m\ ®3rti?® to to i 
to <?r as^s fecapR*! afca ®i aasrrcfea* C3T3T3 fa^ro*! ^®tw 
SR TO TO I 4§; BfT^hr C3TTO 5T§cgTCSR-C3R1 (Hydrogen 
Bomb) toi C3«31 53 i wwfaan, atfaai, $wjt«, w$ 43* fa 
4^ 3afi> CWia ^f®sic^ 5TbSTCBR C^Rl £®3T<ffa OPtm ^3® 3531 

5 CTO i *?a to fer ((RaT^n ) 31 ^t 3'Q C3at aTaro t&. &{. ff>. 
(T. N. T.) fec*TO:353 f3^aFT3«l ^3®l 5T^m3R C3T31 fefe® 
5C3C^ I 5T^CSTC^ i T C3R1 ?3CapT3E«R fes^® af??3 aT^R aT3 
atsiRtn 3TO<3 1 3 ® C3at afesna 3^3T^n fefem ^fe3T3t 

a 5 ^ 3I35T3 3531 3T3 ®® C3a*t af^aT^t C3T31 fe^T3 3^31 3®3 I 



<#»6S fs®TSR, WfcsfcRiiwi'M <?ifa <3 atfSTSR 343 


totoYss cstto src*a sis$® si ^rfrows ♦ftwrew 

ms i cw «a£ wrsk cstto facsros to®tsg 
^ sfci &&atsn «ncs i ?s$ s&stcsr cstto cws ^srofss 
csi^ics ^it'siTt® scs v&fei&uTftiift as?a® cs sues ®ts 

’tfSTO ^^TSTvo STfeeS ifl^Si 9 ! CSTTO fal^TO®! TO®1 S^ STTO TO I 

®T5T®i toc^r atf«r® U 238 v£i5 to* ^sfi* ^t^tpr 

stsi cs'Sa to to, ®Tsca pj&grcsR cststi ?sc*ftsc®is asrcs 
f<^pr a<SIS fa^PTS fatfsR STC°T u 288 4S *TOTfrTO TO CS^S 
! fs®T§?Rs *fc*t to* csat -aTsTO *rfc? §w sc® ms i ^^si 9 ! 
‘?S®TSR-a«ST5R-fs®TSR’ (Fission-Fusion-Fission) issii 5 ® STS1 
arire *foyroit csrei fasfr®i ssi ss i 

sfeaTWR csrei fsc*FTsc®is to fas^® faro*i ssi ass 
as i ^®?fT\ $$ *ftm smiftw aesm ass s??r i sisstfss* acsia 
aSS SRTC® TO *fc? §WR afSFSTCSS CS*H SfTSTCSS TO atoTssr 
csw sito fasfar® s*sc® to i TOfT®?fa>c® 4$ to? 

3TS ®raSS TO TO TO aTCS, TO®I ^Wk® 4*R CTO ai$ 
TO TO1 Wa® TOTCSS TO CTO 9fJTTO S^CIS* CSSfi> fesft §S»®1 
Mz &GZI <FS1 CTO aTCS I 

aT*a?®Ss STO faSaRfa*! W1 aaTSTCaS SRI TOTSi 9 ! &TO 
SITfS'TOS CF&l ^CTOR I TOS1 $^T CS C^TR aSTCfa ^F®1 vqs* 
TO $T®JSCSS S^STS^C^S as> SCSI TOI>1 Wss> ai?*f?®S* a* 59 !^ 
TO5 (E = f&T) I CS^HSfa atfSTSR STO SRJ 3CSTSR 

S*CS*F ^TSS §CaS$S-C®TS> “fa? a"W ST^Fl aSST^S CS*SS> I 
W BTSfTO TO VFgvz aSTS nrto TOS* aSS ?fT^ v sn 
SfTO ^RSI^I ^^i 9 ! fcewfe *&n 1R3 I 2RTS 

C5tW CTOI 2f®ICS CTO *tm TORI 

^'BCST TfkTS^i TO I <£ft SIS’STC^ S^l SS ‘S?sk-CTOa’ 
(Magnetic Bottle) i fsa® TO¥ s^acs giS^-csTTORT 
acsi *{S ^{ 5RCSS SRI ^I6& &p®l 5T 9 ! SSI 

ass scto i sftf to$ ascss sri ^s®i ssi to, 

vslSW CS-SS^TcIS a'CST^R '5f^^[® S'QSTS sea CS 



344 


frl'W UR WR oQ^ff'ST T^Tfir?ll sjpSS^a 5 ?^ 4^< 

?H^lT*fi\s 5TR *fa? §**[FR mi 505 *TOR l 

i&wn *jf«pfa W®^ c*fc*r 4 *ro jfacrc 3C5 *£i jot i 
siwj §gTfa\s cnfaraiihr (Stellarator) STfasra 

fcsrfro cfcnsro* (Tokomak) ca*fa tor ri^tc^tt ^krtsr 

f^feiRra *ftsR srtutr ac5^i fat*re tororoj 1 § 

>reffts ?fT?*f?iT?r c$tc¥T5jt¥-III tort toictj 002 cto® ttto?t 
®RI fctfsRR (5X10 6 ) fesft C ^\sm a?\5 4** SRTaR 
10 14 *tt?r ?n®? v sn to mi scro \ ^TCfr’tcrot 

«fay-^*fR<F WlOTS ®RJ $TO1 '5[R'Q ^ 5^28 ff^ej ^ ^<T1 
araT®R; ®Ri?i «irr<i toji-w $iK ^itara® um mmi 
♦«Wf« TO 6 !* f?ff ^1G5 %Z1 I >R f*Rs fcrc^Rl ^TOf SIR 
^ ^aSjR “FsRft OH 5.1T1 «TO faSsRfrlFR 4§ *\1 STCF&l 

wi^t to =n 1 


§ f^s hs 1 cwc*t cw*w af-smyspr (Laser Beam) 


5TI5TWJ *rf«<T fcWWPW 5RT STJSTRI^ 1KWI1 5WH OT • 



20 

20 * 1 : 3^13 

&3?3**r "i^fhr cssrtorei 53 i 33 w 

foftos toj sf^rs?T?ff®¥ 3?*tr *nto® 53 i ii| si^to *Rto1 

*pr wt«i ctoot *&? 3to tomtoscrm qmro 3f*rd to 

CSTSTT^ TO f3C*T3 35T33* 5TT I 363TC3 3J*tf3®re 3RT?33 

C3ftto *FtoPP[£53 (Elementary Particles) sntoRPQ 
SRWTOto ’KTO TOW3 2T5W 31 TOW ^5TC3 Sfto I 
^oo 7m srtfm twffi5fN?r 45Tdm « snlcfa (Elster and 
Geitel) w #*r f^wit fcl^PTC (C.T.R. Wilson) ^$3Df«iw 
TO TO3 W ^ ^ 3g3TO srato (Insulated) ^«H*l 3*5 
(Electroscope) 3ftr sm^m CTOi 3T31 3m ^TSC<?1 45 

CTO *{3 3^3 TO TOTC33 ^33 (Leakage) TO 31CT i 
^ f^3h?«l 3*5^ 3Tns3 CSfS to C3^s TO 3TTO SIT3H ^3F13 
TO TO CTO <?r31 313 1 43 CTO 3jq3H TO 3T3 C3 stoitoRT 

§TOHF 3TC3H *RM S3 33RvaS CTO 3?g3TO ?3^TO3 TOC3 l 
ill ?3?TO1 3MTO TOto TO I 4flr3 3C3J 

tofto SfWRWfst TO^S 3F53 5fT3TTO tod TO I 

TOto *pi «iqto S3 C3 ill fatol 3SWS vj><yc$3 

§TO 31 31$3TO fT W *f?33TC e 1 3^3R CSSfto TO«f CTO § 3 $ 
53 1 ill ^TFm mm 3T5TI 3mm bri'piicto (Gockel), CS3 
(Hess) 'Q C3lTOm,3^T3 (Kolhorster) af3 toflfbw C33JC33 
3T5TC3I <yf33t^ CTO ?3to tosm ^T?R*T TO (Ionization 
Chamber) COT 6 ! TO ill f3t3mc e m *tf33<o3 *rf33T*f TOR 1 
tom *tto*t cto cw 3m C3 fstocw to^i to®i ^cn 
2OTT gm CTO'S TO 2000 frdm 3TCTO1 C3*ft tocT3 BF5 ^Ni 
CTO 3TC3 5 I 9000 ftn>T3 to^l *$S 4|?R*f *tf33T*f TO C331 3m 
C3 to3C«m ^1^51 ?333tor STCS TO I 
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5TTC5T (Hess) §*fcsT*? frrofoifof® 

*R*m <$M*T I *®T?T ^W ®|<Se[® '5f^*T siTff ^^C'vii ^o*IM 

ofRaf^ cairns §^5 3?r I «K»f C«fre iSPI 

^*TC<T S3 I ^®T<J >RC?f s®ta®H aT«lfol*F gTC^ 

®RT R?ft ^sjR Cvo®r^?I f^83fo 1 

*ror «"ft ^bbvsra €ts®i =ffoR ®ri *ntft ^ssrc'sr® i 

C*T^R? C®t?T®l «f^8 CT*ft I C'aSffosRf ^tfT^f 

y-^H ? 5rc‘ s T¥T'© «asr <r»WT®l (Penetrability) «n?T^ C^*il 53f i 
^Tsre'for ^sf'ocsr «rw c*rifcj® ^c*tG ^a*^ *Ffe ia£ 

Wriot f5R*fa ^IT'Gffl I ^K «RTHJ f^T^9t«l ^T<I'Q wm 

<r f«R «w sifas stc^ji isi£ ^tsr«T?r c^r 

*n£ sn i ^ ?r ?tr cff'Qfn ^ ‘snsrsfT^tt®^ <tf*ir 

(Cosmic Rays) I 

20*2 : sj^W^f^ G*Tta«i 

3m$rT$tf®<p gf*ir ^nT^rare *rcwf^ fassR'bR ^ 



Pressure in cms (Hg) 

foil 20‘1 

^rat?r®c9i sr^Twif'®^ #r c*rr^c c rar csr^rfoer i 

5 5T®jfof^ C® v tT®l «T^»J ?FC?R I ^ ^rahpl ^F?TRI ^*TI ^ 

fo^SRt ^fapffa ^T^^CoT Wss? (Sbb®R ?rf*ff?T c*tr*i *ifa*ir*f 



3TgT5rT*lto af*If a^iatfe? 
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i *ra aatTO *f*t (201) to ot to gtaw i 
caw to aioai m aifrosita sm ss to i (201) to 
ar^TOsfta nwa 5 kw agraiato afar a^a* aaHiafa stor* tort 
(Ionization Chamber) tot sfo »w? ^ittow srcaa sjto gra 
afaatoa wafca agfas gcac$ i ^ wctof aifa smrc?? awa 
§*ICT 3iT*fto TOWrof®* <T?*If?T stroi ^tra ^ar *tTa i JJSaTC 
(201) to ZSf^FF &TO 1 *TCC*T Sf^TSrT^^ afaja sfosi 
afaatoa C^afea OT?TO gCTO I 

*rfg^$ caw as; §caa ^T^si'€B5ft?r m sna “fn ga i 30 fawi- 
fafra &TOTa ai^Wita 5T*f ^p’JC'&a 5TC*fa m toto m st*t 
5* i (201) fcff caw <??ai m ca, «a$*ra srafas a^ro^Ta 
®a MW TO jfhM faw 3TPH ara, aT^TO^fta 5Ta as 
an, agTSfiafsa* afara s)toi ss gTa cto arw i srawca a^g- 
*f& CaW 3Ta 2 fawrfsto &TOTS, CTO 5ia Stta 70 cafa (Hg) 
ga, ^asi syroa ga i ^a *ra *r$g<f& cri a srrncs ^troi 

mm *m ik *tfa i ^Taata ar^ca caw ^ttto agTsfiafsa* afar 
a^rowa aMwa caw as :ftc&a ftwaiacs arw, ss§ ^w TOtasa 
aT*[®a csa to caw ga i tot afar wws ca*ft *t?aTO wifro 
gcs aiw mK m stasi gra cacs arw i ap*ftria ^ca 

stoa ^aaia ^fara aras gc^ <§aw a6ara cssrfapa awM tos 
fafaawa srsia i 

^Mhr aT^roa aia gca arcacs agT5fTafsa afarw ca afaro 
ar$®a csw to tocs ga si ara g*r fafra sraTOa ai aia <*w 
fa^ia ataia ®caa aa^ii i af^? ^*a^ Y-afar'Q ^a cm 

aa caa a^rrc^a acai caifro gca aia i m caw 
agTsfia^a^ afafa ^ cwsi a^w ta^Si areai ara i 

agTsfTafvs^ afaia TOrfaa c^roi a?w aat^i aara mi caa^na 
(Regener), <& (Clay) a^ffc ItoT’ffa TawT^ha »fla< fafsww 
(Millikan), ma?R (Cameron) a^s 'sricafa^H fa®ftRto 
a^a gwa ^a^ at^a stow <*& aHa stesi afama aca?r i m- 
^rsfca»n (Water-tight) snarcaa tot ^rato a^®i ai m&w 
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^ gpf?r to farcto© to g\©“5Tto ^feror 
(Automatic Rocorder) ^rPTJ ^Tto5T?r tool *faTO 
^?n $x i ^t^i nssictoq *&uw sre? to 
to *itoi toi i toisft 3$? sijgfcfr© va^R *toi 

cto* tow© fafrra *rto $?*ito<t too s^T$?T*rto <tf*B3 srferea 
tofa nresn ^rr?r i frfnswggm 280 to* $rto s?®fto *( 

ato tool *^ 5 ^ *tfa?sF© to©re ^ *rerc*i s;?r i 
tow 2'62 to-c«i ThC Trs^s y-ato tool 1*5 faifa ®r*i®3 
&r ^irt ^rcsr sT^rto to©r<r sits 0 *6% ^ i *i*frc srstoito 
<rto c«ipi Stotif v-^to *FoTto *[«i c<“ft ss i 

*W ^5^ «Wto ’(atol TOto TO 

5RT®rto«F sto c*^*! *ttom ^<ri w$ i (20'2) to to?r to 



Lead Thickness in cms 
fra 20*2 

srajwpfr iftm to sRSTWffiftras pmzw cwfw i 


sj^Tsfroto ?fto cwi ss ^©i cewto^w swto tos i 
fw c«p c^f^n m c*r s^mto sto tool «ww srcw^© 
EFo gPT ' S TT?T ; ’O foq[ ^©tsFol gTOT?! ^I?T Sf^?T *Tr?f I 

^ cto stom^r ck TOsiT*ito ?to to aro fato*! 

^^S[H I i£lDT?T TO ifl^T<C»f?r COTol «il*ffl^ ^P 5 ! W I 5 f*f 


aawtf®^ afaf <3 calfa$ afrlTOlfaf 
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caftoto srcaan ^a ^ aiai 4§; msa am n**# carfa® to 
am i 4$ srto ‘aaa ¥afaa®i ai ^rcsft ffl*a«r (Soft 
Radiation) a?n sa i maaKcaa c®to caal sa i 4^ 
fato »pp ataTa aiare 4$ $rca a»pl carta® s;a ai i msTO 
5fWT?R®i ‘tf&R fafwT (Hard Radiation) ai 'toc®at fafoa«T 
(Penetrating Radiation) a*n sa i CRTS toTO to 

asrca to? g*roat fafoaa i cacs^ aT^awia carS cama 
am®i am 4 *p fafra *frna cam 6 ! am®Ta jwh, si®4a ^tot*? 

4 

Wwi mrac® arca ai i to«i otto 4§ 

WRW aT^R®?aa §afa^TC*$ *Hjf carfa® TO C*T® I ^RST R^pWl 
c«*r to afe ^roc® aT<r® ai i 4a cto fws ami am ca 
$$ fafoa«i to* ifl^aTO cato (Secondary) fafaaa, <fcna® s[*{J 
(Primary) a^T^af®^ tafaaq aa ; 4a sa *jfaata aT^R'QCsm 
atai i atoa aataaa toi aaTfa® toss ca a*ro^ fafoacaa 
acaj «nw 2 faia®s toaf*? itwraSa, afeta * y-afar 4a* «rcwf ® 
apsr afe a*a^ caiSa « sraiTai ^a aacaa sit??'® a?«m ( aai 
cam;r) i maaTO? aig toc®^ ?a?^a«i jot aan®s 4 *f 
aTO sit??® atoi (n-caaa ) i 4 aw to ?a®T?a® 

fcHcaitRi ^ai ?ca i 

20*3 : *KC*t a^tWfrtfw afol* #t3F5l *(faato 

*k>?q to ®T5 v fawn! (3 p (Clay) to® r?otto ta^acaai 
’btwi ma?^ §c*rTca?aai 4a* to p>i acar ®7*raca 
saa^TCsi ?a?®sa * 5 rca aTOTa?®a* a?aia to®i af^aia acaa i ?®?a 
afi acaa ca ?a*[a ^st*bc«t a^TsfTat®^ atafa ^®t^®i ^torcaa $»a> 
^^T^ata ^f*uc5ra ^5®RTa 'sna^T^® am 1 4a cai^ a^ai 
ca a^T®?Taf®^ afam to^©i wrtcaa atca ataaf®^® ?m 1 
to ( 3 s to aatoi ^caa 1 to (^k>oo-oo 

arc^r) aair® mrcafaTO faMral wSa (A. H. Compton) <w 
to a^a1^«! ^taata W®s ma^ ^aa^a^S *5n?r 
a^T^Taf®^ af*p to^i afaaia ^caa 1 torn 4^ aa® aataa 
^^® ?a 55° fer «nwr cto 5 45° *fM m^T^caa acai maf*5^ 
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*rasrr«l <3 c^*s^ ataf 

TOJ i 45T\£1 fafaTO (R. A. Millikan), <RST<T 
(Neher) a$a taRfa«i ^?Mt?r srf^TO 

aifto TOT I <RTO W ai^peCTO TOI 

30,000 fafrs Ms Tatar sjspira ataia tot i «h( jr® 
arfta cto totto to siroata stars ^hrsi afss&r aro (& 
cs awta tare 'oi ifFsrcs asrta s?r i 

( 20 * 3 ) tar *rp^6 awa a«a TOTOta stars 



-60* -40° -20* 0* 20° 40° 60° 

Geomagnetic Latitude 
f5ff 20‘3 

i?§[TOT?r 3rerc:*ra *rct sisrerota <tf*ra 
’ifd^'cni centra i 

sstars errata a^rta ^cro i ta cto c^«n to cs ts^scsai 
( 0° totw ) cto am 40° toot Ms star taata mx 
atsr to i &5*ss ^tsroi to sratssta «nc^ i 
^TOiai cs (20*3) tar fac^rt-re towppis retota toot *m, 
^ggisfa TOOT (Geomagnetic Latitude) i 0° CTO 

40° toot Ms slsrei ata to aTs 10% ss i st^cto $*&- 
®cs csaT atsa^ aTe^n to i irt as ^*6®cs 0° cto 55° 
toot Ms toj ami to ; &5vas totot am 

'sratsat^fivs ®nw i 

totots a\ca *rerarota stars atsss&r cto atftare 
ss ca srsa^nfn cto to $$ tstama asm^s &sat*r $rrta #i4TS 
toi at&^> i ct>Ui4 ca»css toi ^ as stasis ts^itar sea 




STTOffito 'Q (fltto ^?«TTOTfer 
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to^ra to<TR? *ttoto *n$ <ro i csrf scro 

CSRP-CWJTto (Aurora Borealis) ^jwn TOR 

cto s ?RR (Stormer) TO*F TOTOefa f^SaRt ^5T 

*yto?r cbIw cto toto §cto§pr ?m% ^ fr[«ito 

TOR I to sr^TO CTO toto tCTO^fa ^[SJTOR 
totoiro ^nr^T s^to toto tos tost CTO-c®fflto tofts 
^ i *j?srto csto c^c?R toi fagre S'QSR tot *r Scsrafcr 

CTO«?T CTO ^<gc«^ cTO-csfjfta *fTR I SROWnte^f <ft*P 

CTO to to?<t OT TOR CTOR.to w ^To1t5i (Lamaitre 
and Vallarta) RTO c*l^toH toR^TO ( **©©-**©& wr ) I 
<yMhr csto ctor a?fo torrvs* ^ctos TOto toro 
(Dipole) c&to era* to wi toi 5* t cro 

CTO ^?TO 5T?a fTO^tfsto *$3 TO * Sf^TSfT^¥ <jH 
stto (Primary) $nto ^toTqfa to cto ^tot* 
fro sttto *rc$r c&to era* to *fM *w tor *rsro 
to era* Tort* tost ?*§re to i 4* *r ^t*i ^tol* *r[toccr 
tos* ®ci* to* *n*ito to i ^tocto f*ffo csto era* 
?*$?$ ®IW*F1 TOT? TO TO I f *[$ CTO 25 frofaftBRI TO 
*f3?*l 97 «TO tosfT 6 ! *T^[3* SIR'S <TO I spSKIR *1^TOOT* TO 
SRTBrTOto *f*U* ?toFi5[£TO fapfe TOTO TO ^ i 

*R[TOC5R to* ?toT?[fa ?*to to CW TOlto TO I C* 
TO ?fa?1 ^*rC<&* TOC$T TOTOT TOfto TO (R^fTO *IfS[«C®Bl 
TO ^HTO 9(?r *rf*5TO ?*ra TO ; TO ^RPPIPRT TO ^TW* 
CTOI’Q ^RTO TOT I TOJRI to CTO TOT'S ?toT${f<TO *TipiOTR 
TO tfto* ^W «it«ffSi 5?TO TO, ^ TOT C^f^t cvft toTO 
c*nt^® ^?r i 

to ^SPf?TSTH qsfw^to TO toRl 

to to i ^c^t i£i^ ^erto csto 

TO?MPPI5^ »ITO ®T¥®TC^r I TOT 

TSFiTI^ftsT C^tw 3®T ^5^*1 5?T >flPRT fagjT'S'G ^^>vsW l 

*<pmfv toto ^•ro’jto ^ ^ ^ (?i 
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^3 =71 I ^psS lO 10 ^ra&T-C5TC> «TC*FR ^ «f^y 

ntfro^s c^r fw c*mk sm*i 

*ITET 5TI I to53 *fa? fnglfo nw %Q%T$ ®r^] (5^ 

( af^*l?¥ mfpf'QTO 3PBE5T to*5^ sj& 

•s'tTC^r (20’4 fw 5^1) i 



ream a^Tc^i T<*s,«^5 wx ww sjsisrm?'®^ 
^f^mfsFa ^*ft<*RT ?5W*f^ l 

(a) fafes *tw® tf^? sn*r® 59 tw-t-c«i 'snftr «if* *j*asr 

carifara wwi*C£ i 

(b) &B5 «ire< fiw »iftr caTfora w*wr i wrt?r c*s 

fa*=W?3 tfwtf®! CTO? SHoTC? <4® OTl 

fap® sc? nra cs ®tsi fa?;? «w»r ^cpfr fcaf’s® 

57® TO ?1 I 

CH3F §FR (Vertical) c?Wl <jMfa to 

'SfSPT^TR C&1?^ ^fflW^TPi 3 !^^ “^faca*!*! 4C? I 

c^h csfa^ n®r fowl *n i >sr*Er*iw cbt\f$ 
TOCwpnipsa *ra»i c^tc®i *itow"ll9i ^m^far >rto 

(Spiral) m nra ^stto s?r i ^cro *$ tonfa? ntoi to, to?* 
faS^T ^fa$T<3 &*rf^5 ST© I (R^U cro* 

srora 5jsTs?T$fto sto ^Wi fasjn «ro»i «rc*w ®nR^ cn»ft ^ l 
(20*4) to fato cro *rarnj *w onto srare i 
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§aC?R ^n^TRl C^CT CSRF *WT s>rcn^1 fa^T SW*T sj^RTTato 
?tf*P tftol TOa <jafE© aRl TO I 3f\sW ^STST aiTaRft 
^TaW S?to l aSRTTato a^R TOJ a&TR ^to*(faT *R aa*rf^ 
^a =n i ^pr *tf^ toM *flro tot i ^wnpi ^Whr 

csto cro ca cto ^tw <siai am to fato to cac<? i ^ 
^ra® s©aj tor to OTPrcr x fra $a* ^jRnth 3 tpr ^ &f»Tto a*c<H i 
a^saCT* i 9 ^ ®?5 aTfpTTOR ^jTaf^s spn (Primary) si^i- 
SrTato <rfaT<T CTO to ®TCT aWTSfl I a$B*R7$ ifS aSMTato 
a?*IR CTO i£$ S5S§<T ato aRTT^T *l¥a =T?T ; TO«I 4ETO C*T 
asrarato ahr <?rai to ^1 505 aifarora fato sto ana ^a 
TOT sp& (Primary) ^toT^jto fatora TOT ^ cato (Secon¬ 
dary) fafaaa 1 argswia fa®R ^ca^Tf^s a*a 

a^aia sri *ipT$ a^s i?p 'snaR aaca cato fatoacas csto 

croa ataj a^a *ro sifogR a^are ^ 1 sfcst 4 wa 
csto cTOa a«R ^a^?r 5$ 1 caa 5 *toot ^a^Tf^s to*i?s? ^n 
a*faan?[?<a ato csto caw srtoa to 3T*pr0£<?m frafa<®Ta a^s 
frato sxv *ttca, wa aiai ^ cafa atora*^ aTf^sr c®b 
to a^s^ &*ato zzv aTR ai 1 Ta^a ^a* caa 3 , &sa 
cwi ^rca^Tf^ §e&vsa at^ ***1% ^ai ^toT^to toi ^ cato 

Wwi ^5T«ST ff® 5 ? TO asfB*^ ^*tto 5C® *1TCa I §TOa 
SS|TC«TT&TO cwai cacs C*T ^ *TOTRT acai jfifeua ^toR 

asana ^a c^a*t Tsrewn «ttc¥ sn 1 ctsri wkc*r 

siOTiato ?rfaR ^T5R af^^r aT0?ri to 1 ssraaac^ 

^T^assccR ^aT^^ica ^‘ssr ^aaa csr* ^f^sc^r ^rcaaa^D ^tpr 
c^al tomato $ai ^fa^i <n 'srpra ^ri cata ^toi oral 
aR 1 ca^®Ri v£it;to *m asrsfTato ato ^toia 

caa't ataa^r *\ ?to 5^ 1 

20*4: fell 

ssr^T^caa yf^a TO«nato af*na ^ta^i aTaa^r cac^ a^Tcaan 
flppa*^ tow ca ^ai asrsrTato atar aw ^Tto ^T'rr 
aRi ato, ^«n ^ai ^cac^ 1 ^ta^T^to a^s 


23 
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*RTSlT«l « CTO? 5T&T 

’tTO $[T$pt *fT'Q?n m v®sfT?k\5 *^-*fk5sr t!F?Il C«TC? I 

^T?k k*^ (Geomagnetic Equator) s^sn^fts? 3 ?*fl<r 

n«r wj ??im m w k? ?k?TC 

*$ k^ wo ?k?T<T ^fftwra ??f c^*ft i <£it^ ^n 
^ k?rr (East-West Effect) i aft fa?n 

wrr*} ^< 9 ^ sict? *i'mm c*T*n m \ (20'5) 'tsm 



ka 20’5 

*f.^-*f?*i>sj k^Rr *rmm i ^f*^R s k c*m ko^ceifl 
jffc^ cm& §*tcrrt kw fa^wkr i WwEcs <^h 
k«?;re *tf*TO 'Q * 1 ^ k^p kc^»r toi i ssk 
ajRWl 'g^M^ s k C^CZT «RI?? ^f e f^J?f 5T5H*(Sf kc'tk 
I SIC5[ W ^k^Tk ^W3W1 

k^ c®fc^p 'sn^ffw i 

5TT5jpn vQ?r ?T3®i *m*m ??n i ^ kcs k^-^ww 
§*0 3[T*f?vov5 stfS'® ?faTO *tk5*TO fjppfa C*f*TH SCOT I 
toscsEi kc? <?r*n *n?r <?r *ik 

^(isRjefT^t^ ?k?T*{kr *hto? s?r, ^csr <?i9(ki ^?«kk 

csk? c*ra it?ii '©tc 5 t k^r® c*r c^r^kni c^*ik *fkw 



aSTSrffito aW 'Q catto ^faTOfer 355 

to (W) CTO ^C«& 3TT*fto TO caTC ^ I STOPTC* y*R 
*toi*(f*r awnr* ananas to ca?[to capita ^ to (E) 
cto sa to caTa to i cata$ £j?sto *fto to 
fwm *rcan ® catf sa, *n&«a ^gan *ai ara ca 
$ai asranato atoT*{faT Bans? aaw sirartot i Baasal ^c*i 
cas$a ot* aroai ©torero ( 30,000 fa *rar« §c*6 ) 
CaacfraTfaa CS© CBa*l TO afa^to §TOTC? Bffo aTO B^WF 
m e i Breai ara ( 2013 «i^w g©ai) i 

20’5 : TOtWt«tf%¥ afa TOTO TOtaflt 

aTO^to *$*% aTOfa TOa e im OTfa 5 ? S|PT BaFTSS 
a'to (Electroscope) ot* ^TaaTO*^ (Ionization Chamber) 
aiaro *ai i Baa^ *tftnra-si?n* a<ana^*(Geiger- 
Muller Counter), caa-TO (Cloud Chamber), carofa siaga 
(Nuclear Emulsion) cwSrsfTfaa C2©, ^a-TO (Bubble 
Chamber), *ftof-TO (Spark Chamber), saa asanaa Bffo 
W'S TO BfaaiOT ^ITO 5a > 4^fal BTO BW*! BfaCTgW 'STOTRl 

a*ai tone i aTOTato a?*ir a^ato aatoa to a^a*(fai 
ajasrcaa «ri to ^TOTto ?ac*ra fat*ia aataa arfara cato 
(Techniques) toa aai TOC5 i 

W aatTOT aWTJTC 

afe feowwnn TO aaTBvsa aia*5l (Coincidence 
Arrangement) OTT?aa ^i^rrar-apiTa a<anacaa aiaTO i 
ais^ra ^ ai ssreTto asarraa ‘isaa^Tta faai® aica ca ot© 
atorTofl aTOato afaai <awa aaj to to*b aTwa to 
( arsfa BTa ot$ aaca ) BTa to ara i (20’6) to C x , C 2 , C 8 
to© to to *5Tto 9f^jTa-si5iTa a^rto tocs i « 

*($l 'SRT faw CBCa anffl\5 caR »aaa (Single) afaata atw 
to© awiataa aaj to 5a«i aai >rsa ^a i ^aaat^ &[$ to 
to cto Sirovs sfm atfwa w to© Kanawa am to 
^ifaaa 6 ! ^ai asa i to tori* to©a acai aia aaaisfta to© 
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(Pules) ^ i tore «t?tc=^t ^^fNr 

5TT5TWI STSi^T^T f^TO^^T® 4^ iSC??! *1^11 


a«Ri ^sts sis^i *fsi sm \ 
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fw 20*6 



^9TT3I-si;5n?I *K«rjT?R5 I vSH f?PF3T ?&Cff 

^jnrc^fsR srrf^ a^p^tf fwr pr*rR ?c?ire i 

(20‘7) to 3?5T (Bruno Rossi) ?p^ ^®rto <£i^&*f 4^ 
’Tsu^r®*? ^©jfl (Coincidence Circuit) mH® ^?IE^ i A, B 
<w C ^n^ra-qaira *K*nrai3F<r wter 

snTOTT'5^?er ) ^ to (Capacity) 3T**f?T 

(Condensers) ^ ms «UC^ i <5r*ra m 

arenas V x , V 8 , V 3 effete (Pentode) <5T«^®3 tofi> 
fares (Grid) *rere 3=r^?? ^?n «nre 1 tof&s ^nTwre^r 

S x , s a , S 8 toft 3$E5S (Switch) SfSJ fel <£ 1 ^ ^I«SIR CSTWS 
(Load Resistance) *Kca ?P?n SS 1 sf? fos f$ 

^ s*si «nre f®^£ oTsjres sw to <©to ssts: w 1 

®nTPTT© c<^?p sf«rrer¥ (Negative 

Pulse) ^t«£ 5 f®srf£s fare stfr ^<p;t stso *5*if^re sstjot f®^ 
sit«n$ ^©to m ts ®trt ^ sra sts 1 *fc«t toft 

cw$ *t^f cstws (R) c *r sfTsft tofts *r«a *t^f 

«rcre, <?$ arm tos *R?n *s{s mr 1 4$ to 5 ?- 



35raroto 3W e C3tki3* 3*kTOTf®r 357 

3*fC33 TO 43*1$ 33FH3* ^*-3f5I3* 53 I §C*r3*$to 

•rateo 4 § 3 ^ 1 $ *rk 3 to 43* kcfto 3*31 3 T 3 i 

43tct to«G3p*n <?r 3*^?? c?nr:*f?i 313 ^Ts^to $it^j33>i 

C3TC33 (Internal Resistance) ^HT3 ton* &5 ?«?n|acai«R i 

+ H T 



3?3 JRT’t'SR 3'i’Vt l 


3T3T3*n58 at3 ctot 5,3 (l Megohm=10 6 ohm) sums C3T3 3J35T3 
3*31 53 I TO 33 3*31$ ®pp®3 nk^T^t C3 ak3T«l 
S3T5 R C3TC33 331 to 2f3lk^ 53, 4CT3 3WI 43*1$ 31 ^ 
•3Sf*tk3T5l 5T3*5T3 «fTTO<3 £fT3 43*^ ak3T«1 33T5R-43 331 to 
2f3Tf^5 53 I 3k A, B, C 3*3333* fo3l$3 3C3I 43*1$ 31 ^f$3 fo<©3 
to CTO 31733-^3*333* 3?*ff 43*§ *TO5| *tk53«l TO S5TTO 4C33 
^TRTOS §**l?T 3TOT3* \sk*-W3* C3*3*f 43*1$ 31 $$ <®T*ITO*$ 
WtoSt ^3^1 ST$ 3*3T3 I "i^°o 4^ ^3^T3 R C3TC33 ^5 TO?f 
STC53 k«C33 «{3 C3“ft ak3<&3 53 31 I TO 4FTO CTO kofTORI 
33F33* ^ff3-3T5I3* §**fr7 53 31 I C3*3*I to1$ <513^5 43*C3TC3 3r*tk3T^t 
573*51 arr^f 5T^t 3f*f« 33T33* 53 I 

W*f®3 313*51 (Coincidence Arrangement) 3J35T3 3*3T3 
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*RraT®l <3 CTOF ^ *fto 

ct to TOimrea toj to am g* 

(3i <fwto) *im!T-fcwf* fatoi afaasro to ctot 
totTOTSTJ '®to-WF §*TO $$ I TOTOto *Ptol- 

sjto <3*r snransm c^t^m ^troto 53, 10 9 c^fa/cros® 

to C 3 *ft 53 i to*f to«itw * 5 Tto *rcqjra*^(facv 

OT TO 5OT C3C3 iflC'fa W »ITW 10" 6 CTOS'® ^‘^T'Q W I 
^TO* ^CTO toto!? ®rto ^to-3* 8 !* (Coincidence 

Pulse) *to i 

<l??r to*T 5* tot (Rossi Coincidence Circuit) TOT3«res 
3^3 5TC3 ®IT1F5 f^tocw CTO ( W sj^TSfT^^ af*p CTO) 

TO5T* I C^5?to fato <1 CTO* fatol *T*ato TOlfof astTO 
TOa^ tot TO5T3 *31 53 I 4CTO 0^3 toHfa tot 

3135 m to acrorc i 363 ^ ®tcto 3135 m to RRTto 

5*s ftRlPfta TO^SST 3^t &pT?3^ 5C3C5 I SSTTOI $t 3TWJT3CS3 
TOI 4*t c«rc* aT# ®to-*®l*c* toto (Delayed) 3*313 W 
3*31 3T3 i 4^<Jfn toto tow? tot (Delayed Coin¬ 
cidence Circuit) 3J35T3 TO «{3 to stfstoro (Half 
Life) *fenrn .to to i Sbtctoj C3 

WJRIOT ato© BTO-arom* (Scintillation Counter) 
3J35T3 TO<3 *r(Hi (Coincidence Experiment) 

3*31 TO I C3 *13 CTO SFo taHfa >mTa^T 313*513 
at3T®m, (7ICTO 53TO*aiT3* 3J35T3 *31 I 

* 5 ^?^* 3f*& toft® toto* ac* aratofa to 4* a*m- 
tot 505 ?^^WT‘ p r®=T tot (Anti Coincidence Circuit) 
^cro ^sr 313*51 *3i 53 C3 3fr *£^3 sra fea3 fcro tot 

(3i ) touts* ^rto «nz^, '$ttot c*3*t &ac33 gfs *wi 

to sfr <a*t to^t sftaiw ton atom to am *ra*to gt 

^jft^-3101* ^*07 C3T9|tef (§*iWky ^i^T'otvo ^siT^ToH ^fTOS 

(Coincidence Pulse) i ^tolt TO^(f5T 

JitiTO to to atet«i to ac®i®t?r toj ’mroik 

TOT, C^H ^fSfTa^5 ; T »U I 



sf$T5rT*lte^ ’Q C*ltteF ^f*fTOTlte 
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M) fasten csrt-tof 

sr^T^T^rfvo^ a?*g 7[qm tosto ora-roro f$ 

1 <£R* ^T^'OCTO C5ct>\sT?T CTSHPCT*?! 

?IRT3i*f $(TO»£( ^Hl *>1 ^ns TOES I TOTO 

yf^fj (At Random) I 

TOfl TO CTOT 3fT?^s CSRr-^CTO m*T3 m f«tC?T 

ntoTO TOT TOT <7it *TTO TO 5WF5 TOt^ 

ot¥to to swttof (Track) yrwH to <&m m 

W 3^*51 SR»RR TO §3? SWTCTO ^nc^^%5 SS®! TO 

3T3 (15*2 ^CE5Sf s^I ) « (7KS$ sj^SrT^f^ *|sf«m*[fal 

^'jt^'ssIC^ TOff® QfTC^, ^5<JT\ fe5^ C^FH C^IS-'TOTO ^1JI*IC4 

TOC's TOT ^sl SfRl ®JTW *T1 I *K°1 CSRI'TOTO ^TU ;> 1C < P 

• 

TOTO £PTT??F® TO m i*W< SftfsJTORJ 43^ TO <?FTC$TSltfTO 
?TOTTO* SHOTCTOfSlte's TO TO 'STTOI %m TO 

srte sr**r ter£ sr^r^fte^ ^f«rTO ssi®m c*r*nr© 

TO I OTfa te$ *TrfT*iwr*it To sn I 

spgfw ^tori TOfte f^sTsft STO$(P.M.S. Blackett) 
*RTO^ to tewf^ csri-top (Counter Con- 
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TO1W fatff'ff’S csra-TOWa faraCTf i 


trolled Cloud Chamber) snsibrt C*to»l fe^site TOR I 
(208) ter $^f ^crfro «n$ *Rften sfto siwH 5 ® i 


360 *f?prr*i o <spto ater 

C cttocto &to <w to to *rtoa-s[srfR jtcsjr* A w B 
$ro i *a«i>®8 cto si^T^T^if^ stoics A <s\m B 
tor* TfTfss sroi ter afsssR toc® sjj *t C csr-toI^'Q sts 
43 $ *ir to esc® to i sfr A <3 B tor* to 

SST*f®S tot<T *TCC*f *K^F TO SS vSR< SSlT*f®S 
(Coincidence Pulse) 1R1 ®?^g^ts to (Relay) 

totoi® to css-tor sttto ato® to to, ®ttot 
awi cto5t ®*ra§ sfts s*r cro $to» *tei to ^ <3 
cstocsr m ter atew to to i tore toto srtcsj to 
ft? SSCS sfc smpiRsfaff SR*1 TO 3S, ®TTOT acsreft 
SSTSrTSf®^ tom 5WT CTO® TO?H TO I 

fcfcsPTC CSS-TOR SRTCSJ “P( CS SCTO SSI tef toSSSS® 

stem® toTO sssacss (Track) sncrote aTTO sss ®r§ 

SS, CSS-TOR SCSI CTO ST$ f#s CSf!> ( OTR1, to, CSTS1, $®nfa ) 

tore to && «nr^?r a<rsT<^?=R *rpt stots?®^ tos fstoR 

*FC«T 3|$ SfaSTS^C^S '^l'C°1[4?l)5'G ‘ST'QSl S¥S I 
W CTOto 3R5S CWtotTO C2fl> 

STOffite .to S\ZFR TOWS CTOSk SR5S CSSCfrSltfTO 
CSfte (Nuclear Emulsion Photographic Plate) srjtr 
teRTO terTOT’ti i cro^ sroTsf® 5 * sfsssto ^ *to 
>P^ ss (> 10 9 §-C®l ), snaas SCS'fc *[3* 'SRSS SJSTO R 3RC*T 
iS^a ^STO S**$ SSSTORT feff TOS1 TO SS I §TO0S 
§®jc*ftv£ (Ilford) cronst <as* ^nrsteR ctotr (Kodak) 
CSTtot 50 stes ( 1 ST^SR = 10” 4 CS?S ) CTO 1000 S&CR 
♦pw S*aS SfTto C?($ te*l TO TOR I ®T5I^ 

SSCS #TC^ C?N> CTO 5Tf\?CS (R'QSl *$ ctoTSTfTO ®R5S<3 

(Photographic Emulsion) SRTO TO S3 i itera 

3RSS ^TO tore TO TO^ CSf^t^R »pp 3RTOS 

(Stack) a^® to m \ «rss mm to 

to (10 l6 ~ 10 18 |*C®1 ) SRT5fTto?P sH 5RCFT3 ato 
^ 1 






361 


33T®?T3fo^ 3f*ff « C3t?®T*F *Pfa3T3T?SF 

20-6: 

(13‘6) st^ot *f%S:33 to to ^cm w ^3 
*^T^t rto sitotttoi to 3t3c$ i sm few*teT3 froifa 
^«ran i ** 3 * ^rrc^f ?\53T^ (Dirac) te ^ frpswR 

to*t '$$$*{ ^«[to tori tor, ^fae ott 333 43 srf®re3 

C^T=T ^#¥T3£fT^ tsm f3«T 31 I 

**©o 5IP *ro?3TO fropft TOf$T33R (C. D. Anderson) 
33T®?T#3 i F <T?*tT TOFW fliwwi ^TC®f *ffe§3 ^T?^H ^ER I fo?3 
4^$ c33-toot* •%< mv\ ctfw ctor (16,000 fire’!) 3WJ 5 3Tfas 
to 43 ^rr^rc^n TOwijfoi 513*1 tor i 4OT3 stc*ti cto 

CTO te ?3*13tvs 32F31 3**f?J *P$J®5 *l%3 ^f«f^l H3®PIW3 f33*f3 

TO31 to i csfap ctoet sr»n:3 ^fa^iro 53«m 3tF 33 i ^OT3 
f3*rateytf mFs\ «w cron 3T3 c3 ^ot 3 3wr « tow 
^itto 3**^ wfan i c33-tort m33 rc*H fc**ra «mi3C33 
♦tow «W ^l^stFT TO 33 C3 3RPOT wfaWTSjfa 30$ SCTWfrT I 
33TO$ 3tf«f33?[feT3 53*f*n:«r3 TO33 333<3 3RTTO WTTO^W 53*1" 
*t£33 ®TT333 33 M3 33R 3£^> OT31 3T3 I <33 C3PF ' 5 f*[3R TO1 

33 C3 4‘tfm ^3 fesratenr tort 33R i to*tj $$ fosfa ,ca*fa 

53 c m?(fa to to <4^ ^TR'Q 3ff» *tTC3 i 3?*r 

§OTT3&T fa*Rfr$ frr*F CTO ^35133 33 ^T3OT1 ^5T3 53«TO13 33=^1 
333i&3 3^5 <TT£3 I 3T«fa 4$ O^sTO 

3RTW rC^&T 3OT> *fTC3 I 

$$ OT83 3^31 TO3 TO TOJTO33 C33-TOP3 3WJ 43sfi> 6 
fafafalfa 9^5 sffaR CSf£ 5 3I?‘ ! f3 To ^vs^fer ^TCoTT^fer 513*1 
TOR I CtfC&T C3 CTO f^<F CTO TO CTO "if^FTOlt W?«T*1 C?lfl>3 
331 ta ^353*1 ^TC^ fWf *1^? v£|3< ^oTO^ ^3 ^C3 I TOT CSH&T 
^ fTO 3sf*R^3 53*1TO3 C5t^¥ C^5®T 32F5T3 *tf33T*l Tw 33 I 
(20'9) ta TOT\5T333 3T® ^ITC91T35%Cff3 ?3W*f3 

OTTO 3C3C3 1 4CTO ?Pf*r^3 253*1^33 3!F^1 CBCfa 3^53 ?TO 
^3 43^ §*T3 fTO C3«ft 3C^s OT31 3T3 l C3C3^ *®3OT3 



362 'Q c&m *&r 

(Momentum) m TO *ZFvoi «“ft Z$, (20'9) to 

Rto cto § 9 ^ to to c^i<jn to i =*toiihj 

SRRTORT Rff\51 RJTRltf «OT< C&to C^5 2ITTOET ^HF®! Hr CTO 
«?rOTf /> tori to % 

pc = Her 

^rtcr <? to *rto i ctrcfo Rks w bwot 

R3TRT*f (Radius of Curvature) ^ CR^fl TO CR 

63 to-c«n/c to jftro cmfo to ^brcrs to 
to to 23 fa-§-i?5i/c sz$ to i ctfw to&Ri 

TO W-fTORR ?TO3 *FCiR CR ^pfatoR 5ITTO TO RRFR 5 ? • 

^n^RRR aro ^crr cr iaf& cstSr to tor ri i to*j rYrtr 
c*rS cto fR^facRR to ^r 35*i«r»ic«Rr ri ref^i Rito togri ^rm sstr 
cto m rtr cr carfcr to ^ *rft? wn §to to 0'3 

to-c^ i 4\a rr *fa? r»to canto 5R«m ^rsroto zxi a 
OTTO TO*F1 CR“ft f«T $GTR §to I 'aT^TvpH CRR-TOR 

m ?r 0*3 to-ffei canto a<toi (Range) n §to to 
5 to i TO*n^fo& cto atoa to <$§ TOtoi 

60 to srtw .cR*rt anG?n to i 

<$§TOR $fJTR®TRRR RWRTat'aTOR £RT*I TOR CR TOTOI 
Rsfato TO fewfcRR RR^R R^TO i£j^§ *RTTO RsfaRH I 

<3^ SfvSnS 9[?F'5^i to'RTOR ®RI SfJTiJ^TRRR TO®f 

(RTTO *|?PTO aT$ 5R I 

TO 3TOi> »£)R* toRlTfto (Blackett and Occhialini) 
TOinw rtri ttora crtoffr totcrj RTO*(faj ?toR ottorr 

«m;TOf55 OT TOR, TO CTO ^ctoSr 4R< aferSfa 

fewwwi 35 ^ aro nr<3?n to i (14*5) ^wgor 

■itoTsit (E > ro2 to-c®i) Ytop snro <u^n 

^TOR (Pair Creation) rto «(TWTW1 ^?n TO5 I 

20*7: Stofal 

TORR TORT TOTCRT R^T^Nto <tf*P ^tol TOT 

C?R1 TO CR RTC^f TO ^ ^951 RRI ^ ^ TO I 



srsTsfffifaa afar « atoaTfa 368 

N 

W^ 6 ! ISIT^Ta 3T®T?aa ^51 to 31TFT I wfa 

^sr^ 4'a* aispOTa fato ^$t?t *rfa*rto 5a 1 arcfaa 
^pr 'S& >rc*toa c*r«?n 5a ‘^TSFNfoa afar c^FTfrr (Cosmic 
Ray Burst) 1 

tont afa (Bruno Rossi) ^T^tT^T 
*K^JTa*T aia^a (Coincidence Counting Arrangement) 
TOTcai otta apca=r ca sisrarofea afara ^terera fcaEara? ^taa 
$faa ara*) sm. ?ato *mc«la acai &??■ afar a<$a ^ af^aT^a 
fcwrc 1 afa swot acaaft ag^faa ^T?*re an^ana-ajana 
wnaa ara’sra *k^f aca sTai aca^r ca snca suca aa 

^fairaa^fa ^a§: sra*i faafafa ^a *tsit*fs?t a^ta (Coincidence 
Pulse) §a*rsa aca 1 ^faa faa siai arci capr faa caca aim^ 
can 4aa afaaia aiai 4i$«ica to® atanaa^toa vgal jkpt 
tofata aai asa *ra 1 apraxic* afa wnaa^fera &*fta srato 
can wa ^a£ ^caa^fa afaai sa sstot 4wa siwj 



*wwm?aa af»a«naT 9 < 5 nfa s aTa 1 C ls C 9> C 3 
§wi*a «rato <iw *rar*r$a aware fcafa 
*r$*na-sc?iT?i a<«fnaa 5 1 P 5;^ srfaia c?n> 1 


a^a^fa afaai fa?s?r wnaaca ^aaiw tofafa aare *irca 1 <$a*ra 
afa (20*10) to airfare aia^ra ^Tsrcai tofc wjnraw fa^Tarca 
to® aca aar^repra sta fafor ats^ 1 ^t^niaa^faa ^aca 4a^ 




364 TOU 1 } <3 C*PTO *T&r nfaro 

*ftTO Cffl; SN1 S3 I «1 e ftsS CTO <4^ #RSR| SRI 
WJRTO 3RR R?5R TO 3T5S :R I *rf*f c^R TOR 

*ftTO C^?r TO SI ssc^flw sfasn 4?p§ 5RC*T $TSRt 

to s^tto toi *ksjr*f§ afe sre tos 

( 2010 fro a'dsj) i 

RtTO csrcfa CS< *tfas&r to sfa sraT*F£* STRR (Coinci¬ 
dence Rate) Rfss'&r tos i c?*n to cs cacfa css 
TO*r i£i^ sr sto to vast to gm to i ^m 2 <Rfsr 

SRT 4 $ SR ^©Sf SR I frstfTO CTO 5RTTO?r SR TO ta TO 
8FS 3 ? SIR TO I (2011) to a*tT"F5 5RTTO^ STER 4$ *tfss$TO* 
TO S3 ‘sfa 5Rffsl*l c«Rfro’ (Rossi Transition Curve) i 



Thickness of lead in gins/'em^ 
fra 20-11 
<rfa 5 t^*i csisrfra i 

^TOT^ TO^T^T CTO Sfa fW5 S*C?R (R CSICfa TO 

TO*T TO SfST®?T^^ *H 4S$ TO*!’ STOS^fa ^ C?fa 
(Secondary) qfrm to i cmfa css r*c^t va^n 
C#l sfaTOR^ §WfTO *raTsrei (Probability) TO i 
§BFSS CTO 4OTS TO TOS^ CflCfa TO C*nf*Fs SR TO, 

TO TO *RT*T1R SJER §TOTCF SfTO *fas<kT Stfc «TO I $$ 










fw 2012 

TOwrofe* sfawrcmi *nc5H?fw i 





sRtrarofa* <3 csitf^ *f?«itot?8F 365 

TOfaw fffafflffl (Cosmic Ray Shower) sfNJl 

om\ i 

**oo im sroS <?reroff mjm 

sncrofa im to *ftore cwtfs to fcron?rcr 

£T5J^ OTW ^ i (2012) fas «fl$ffi*f sRirofa? sfa- 
tots smr^fa srcf*P5 i cstc-to *iifan cto asrcfe ^ 
cff smsrrofo? ?rt*tfsrRrRi sic«n *pto wrw ^ sto 

<TO 1 ‘ill 5R #1*1 *^* ®TO 3TTTO TO CTO Sf^hlTO 

5ff a #[*rsjfa m^s w *festo i ^tro cacfa cw 
7m 6ww #tto toi jfa *ns i (2012) ?&cs cwro 
to *i?ra ’srfas to# csftfo to to *f*t*T?[fa3 tots 
tFWfa 5TO *TO TOTS *faF51 atfferaR ^ i 

*Sb©q 7m Wit m STtijTO (H. J. Bhabha and W. 
Heitler) siTOfT^fc* sHststs fcwR 4# ^ 

TOR I 5§5R wfaTO faflsft #PR 'Q 'QTO^TO (J. F. 
Carlson and J. R. Oppenheimer) 3$*SWS 4 *fTO TO 
4# $$ a#*r® *c?h i 5 © cto^ c#T$ft> 4# ssrs fcfro 
w«i to i wi-st^to ^ sqrol srrorrafo* sWto ^Ws 
sp TO5 ^ 3TO afoffl—te»wi!T-^te yw fcWR W 
OPPpifiSp (Brehmsstrahlung) *rcfoc® W*ff«i 

fas*Ts«i i 

(14*5) ^$cw ow cto cs to fees#? faf***! 

( £ ^> 1*02 fa-$-C®l ) CTO *PrTC*fa TO faff *rfSOTI TO 
Wtoi stoss ^#r-*rffsfa yw &*ipr (Pair Crea¬ 
tion) TO *|fa*ff TO I ®TOR TOTSTO *lWfff 
TOTO ff&TR ^ff5fT«J5RJ^ff C**B*k #^CTO* TO I TOtfa® 

cutoff *ife # #*i ( $prefc ’(Wro) to *raws 
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su i qfc srOTT9t?®?F sfyr stops fees-rts 5 
cto nirofa (*wi ^r^sr«sf|?r wm) src*fi *f?a5sro to, 

TOD# ^ *1 *RW TOTDs?! TO1 ^T«TOtf# *ft© sfare 

(Decelerated) to?i, to to &B5«rf^ fafasrc 

S3 I iflit TO?TO CdW^I^ TOJ1 OT«31 S3 I 4 $ fec5*tf*F 
*TOTO$ CTO^t?T #ITOI TO] fewfcT-ftfffcT 
ym fe*vnsR to 1 i*$w §otrp&t ^ifftesra *ife *nm 
TOC# ^ ^1 TOIRftfTO STOfl TO1CS3 TO1 sfafva S3, TO TO 
^ TOT C^SP^T^n Wwi Ui^ 3$ 1 sfelT^TO TO<TO 

^pRirjtesr to c^r^r, ftpmfa w *ift?teRr toji 2ms $fa otics 
«nw 1 (2013) to fc*rar ^fasfew sRTfirRff^F sfafTOi (Cosmic 



^5wwfw sfararai $s*ffe?r 3inm 1 
(e) cawi^fcm^ *refow y-sfa to i $$ y-sfar 
5c®rafcfl-*ifafaT (e~, e + ) m wi ^ '*$ 

sro afssra tosw *i?wwite* to flN*rara *i;f*fr ^ 1 


Ray Shower) fa*r*fa OTTO SCTO 1 feTOT^ TO?TO 

3?«lfTOl STOPS ^faTO *!WJ1 W5 OTID 0 TOCTO <flSR TOgRT 
3=[fo> S3 OT S|*fe ^f«R s T^5T W Cfrto* "its' *(S TO TO I »43 TO 



SSTSrffito sf*If « CStto SsfaSSSTfer 
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stop^m s*?n '5rr?r srss ss sn i >[®stc ^ 3toT*jto 

s^sn >$sn>i §^®s yftsn ms i cs mrto to s?*itstsi 

^ms ss, ®ts css *[s cs*ft ses ^mr sfa^to to fof fof 

'STTSTS *ftos SCSI C“IT?S® St® STH* I 

toistsTm cs ssraroto sto to s^©sh 3Fm®*ft src*r 
(Soft Radiation) asH®s SHSOTI3 TO sHstsi 
TO ^ SS I gw|C®*ft STOW TO CSWIs stoT^ SE5 
fewte, *ffe&T SI OTT^T ( 20'2 5|*|WPf S^SJ ) l 10 CSfa 
to^i *fs *pp Jtm c?£ stsi s*»$ cmfs® scs sts i 

20*8: *r*W*tto ?to ^TO5?t <«K«t; v lW 

(20'2) C*tS 1 CTO CS «rw ST^S SSTSfTOto 

SfafS TO 3fTS »ilS*f& *{S ®T\*t STC^ SI *SR ?S1>TS SfSSl ^TTSO 

cs*rt css sfto stms tos to ms set cst® mcs ( 20'2 *m 

E^SJ ) I TOSSES *[fi> SI mtmS-5{5TTS WJTSTO STOSS - 

SIS^TS S*CS (20'2) to a*rto SST5fT*fto shf (POTSS 
C*TS?E>ff tow SRT1 SS I S^SJTS^TO iSStf&S &TCS ^TS 4S*fl> 
4§®TCS fSTO SRI SS 4S< iflETS ^TET SfaTS C2fl> STS1 SS I 

sta cwifa *rcsn zms to ssTmas sts *t?sro S*S1 SS I 
^ ®TCS S>fTS cm^s CTOS *TO*T §S1S CTO ®fT^5 SfSTSrT’lto 
Sto ®ts®TS *ffSS<&T *f?STO S5S1 STS I CSCS^ TOTSSWjfTO 
^l^rcs fs^jSJ STO SSTSrT 5 ^®^ si^ffS ^STT^PR *fS f'TCf?*!® SPS1 STS, 
cs^n »*$ SLS’Srre ‘s<sirs^-'tSsV e i’ (Counter Telescope) sflTSJl 
crosi ss i sssjtss* ?®s?£s sTOTsmst ^recs* Tsto to toto 
s*cs t^s 5 ^t^T'Q f^rsp cscs 5 ^rr^T'® sst^ft^'®^ st*irs 
'stoi ^sfssm sssi sts i 

SST^Nf®SJ st*lfs §6ftS5*ft ^ets (Penetrating Compo¬ 
nent) aff® sto t*R eph WW tora ^si sss 
ss ?s i $$ <pf«rss^ cs tesrssfcr, si eft^t ?ts ®i 

CST£ts[ 1§ »f^®TCS CSTSH STS I TO«I CSSTSH^TS ^f^S-’lMsSIl 

(Quantum Electrodynamics) ^^STSt ^ Jfs 



368 vmi'H <3 CTO*? a&T afalSS 

aft? ^5 toi cro sn c^a 4?n wa cal^fato to *a caq 
a'as ^fhTRT c?n> to a'ajl carfax to i aronafro sfaw 
a^ac®^ ^r<c*i?i cawa a*afw a?fhn cto <f& fasncro a^si 
aata® ^ | 

tocstt sirorTafTO <rfaw a^tfi ®rt afefta safa 5 ^ 
^JTCtoTO fatot ^TJFJTOaa 'Q to aTOT^ft (RTOICTTO 
(Neddermeyer) awnw-tofara csr-to TOTO TO ^^(fa 
^FT 5 ^ a<ffal 3^<R I <fl$ a*T a<fN CTO tol 'SFJSTR 

TOa ca <4i star 2WTO: ica^a wwn aw *£ a$ ^«t tot ^ 
aro toTO toi afo® i toi caa-TOW to ataw 

CW> *lf*P5 TO a* 5ftTO WU#?! S^«l TOR I Ifft aa tow TO 

*fi csto toTO saw toafa^ ?w i »*w cato atoi a^hro 
C?to TOI <tf*flTOl (Shower) TO, *Rj»[fai CTO ^f*lT*JT?n 
to ri i aaa cato ^toT^r aroft ataw toi cartes 
sa i ^a aTOafTO <rf*p a*acto srccaa to* a*iR^s 
teroto ai afeia toi ato i aai csto to^a^fa ^ totto 
i 

^rmi sftfa ca toafe to^a*^ atos toi ftoa 
a^vscvs afeaw to, a*arcro to to* ?a?TO«i fasaatTO to i 
awrcro to TOd& sn?j?® to*i atoa aaaTeftTare ai 
asca af^TO a^ca i ^ca^FT^ Ta«TO ahs?^ i£ii af^row 
TO ^ to $$ i 4a*i ^aaTa a^as atora cro iife&a 
at^TOw to toaaa tow aa^aifro ^ i 9p©w 
toTO cro at^?TO caat ; cas?ai tot ^ito to*r 
TO^51 Ca*ft ^ TO* CSR-asCTO TOI 4|?pa toTO OTa«T 

srcaanf^ faro sa i torsaaaaia 10 6 $-c&\ afo a^asr 
caT&TO saaasr (Track) ^ma at^? a*a^ 5aaa«r 

^ica^i aT?i $ a^a ^a i tow Ica^ta ^aan ^ 

a^5 ^ c^*rt to a"an (m—200 m e ) aro «nrotot ^laro 
aaaaa ^ca^tcro ^aro aw ^ «rs 9ja ^aro f^j carfcro 
^aam ^>ito $$ i 
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&533 “iftros *T*3Tv5 5rfcr<© »to , TO3 5T3 TO *1T3 43* faW 
JU^sr »ffer v£)^ to ^fvs to *u$ i 4§3«*r ^ 3ti> 
§P73to3 (MS 43* fsi-^-(^l TO^Fl §EFa3 *T%pa, 200m, <53 
?\*m 3#(3ST3 CMS 200 U-$-Cv] M*\W\ *1^5 43* CaT$PT3 

cms »T3 2000 $n:wi &^3 *fr@uo i jpih wh 

5i® 9 w ^t^ppjppr c^cq 4^ ^r^BC^r *ft^?^c?f?r 5T3 snn 53 i 

<5jcft* 4^ *73 <53 *7*TO ^*1^? 3sfa3*T?[faT3 533*1^33 

spF5T3 ?3E*f3 C35R ^T3<53J 53 31 I *p53T* C3TOP3S3 TO 4§ 
*73 3*faTO 53«m (Track) ’’tow ms 4C&t3 337*7 3*31 

*753 33 I 

§6&<o3 $n?^ 3 ^ 333*7515 opppfr^ ?3?3*3«i 

f3s*73 c i To'© *t?^3 to i ^3to3 era 4 ^ 37*1 Wrw ®?f3^ 
MSS 573 10 6 SrCB 1 wm &5&vs3 *ffec® *{3 33*$ TO 'Q$ I 
TO 4§ *73 ^#3 33T3<5S ?3?3*3«t T3S*f33 TO “faf'iR 

TO I C*7^73J§ ^73$3 31 *7fe?$C33 "fa? 3<fi ^6^ C5T*? 31 C3*3 <sT31 
3*C33* C^Tsr ^ *7^*773 5T31 *7**# C*tT?3^ 53 I ^*73*^33 *7*773 
<5fT3T33T5t 200m e <53 *7^ 3*fa*l «W31 C37$C33 (MS f3?3*33 ®rf3<5 
“I^F^RT 373 §C*mt?r 331 CTO 37C3 I TO 6 ! &F53 <SC33 ®r33 
*7533 scm 3®tc3 4W3 333 (3i ^r ) ^C573$3 to*fi TO3* 3*3 
53 i < 5 f< 7 * 10 a ^-c<si ^vs3 «topo C33«7 ^cs73*$3^ 

f3f3*3 c ! 3T31 TO, <5T3t 3*fa37?{fe7 TO 37 I *[>53T* 4^ 

*73 to*! 3*fa3*i *7to3 to C3*3®r >t*to m\ to, &w&$ 

m SH*? 5TTSTRI I TO *fto3 TOJ <5T3t 

^ejTO, f3C»[^8 200m, ^3 57*^ ^^13 COT51 
C3«^ TO TO ^T*n 5Rn 3T3 I 

^TO3 ^TOTS^ CTO CTO1 3T3 C3 ^3^ 200m e <53 WST 
^3sSift3 <5fT3TJT3T^ 3sfaTO ^ 10 8 31 10 fl |'C<51 SIT3T3 53, 

^T5C»T 43 CW51 ^3 C3*ft 53, 43S 43 53 e l'3C33 ^«l<sl ^C9f^tpT3 
5SWTO3 <5^3i^ 53 I ^T’RI’IC^ “if^ CaT$PT3 

533»f«r ^^tp73 <5«1W13 TO3* C3*ft ^«7<s3 53, 43* 43 CWS1 


24 
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*!W«l 'Q TO S&T S?454 


200 Wl e *54 *RR 4fa4T4 ^fC^f^Ifvs 44 

54 , ^ftf '6 ^hri c^Ht ^4 i 

csra-4c«F4 totstj st# sraretar tot sijfjerpr *<r©t4C3j?it4 

lilies 44^ 4f«I4T4 S^RSCSR tofa SR I '©TCM S4>4T4 

SctVI *R\aC®1 '^<lT s ^ v o C44“4* s P?ij cotVI4 C**Kfl4 4C4J 5 5T?S^s ?5®T I 
csr-tor toj ^4to 35 to ^ >fto cscfor to?r to 
SR TO SfTSl 44^ fe^cssft 4?«f4T4 544SC44 ^TC^T4f55 to4«1 
TO $T41 CTOR C4 Cs£ CTO fcto 4^ fefi5C®irt 4fa4lil>4 S«tol 
(Range) to ST4 4 c>rTsr 44$ 44 B44SOT4 4a^®i 4JTST*f (Radius 
of Curvature) ?5«T SR 7 cto i c&to CTO4 4R CTO 
4fa4Tfi>4 Hr 44$ W4 CTO 44 tor 441 S4 I 4§ 

stos CTO C4T4H TO C4 4^41^ $CSI4$T ^TtS^H <5T4t, 4T4®1 

stro cstik sn;si 44 stoR sfato ^ros s*ssr to4&R4 

Vg5RT4 TO4 44 53T I 50^444 « C4^T4CSI4T4 STO 4C44 C4 
4? c T4Tfi> CST^T'Q TO SIR 41 I 4T4 e l 4^41^4 CST1>4 TO to 

sto© s«pft*n ( 4 <to ) cto 44 *rf*? tor 441 to i *fcp 

CTO 44 ^4C44 44$ TO CTO 44 Hr ST'S?!! TO I C?S1 TO C4 
4toft C3T$4 TO SfS* C5to C4TO (7900 4T<34 ) 44 544SW4 
42F©1 4lto S«41 §to ST4 20 (to I Sto^s 45^51 4JT4T*f 44 
^*HT4 3TC44 44 5/®4T4 ^ TO C4 4tod§4 <©4 CSTlto ^RT4 
44 I 

^©4T$ <41^444 44$ C4TOC44T4 ?4TO 4C44 C4 4fa4Tfi> TO 
to4§4 ^tcs^i to! ?4f cstiNt to^i ^4i C4R snto 4? c i4i i 
4?«f4l1§4 ^TTSTR SotWI* ^T4TR4 44T4 TO to ST4f44 S?44TS 
CTO 44 <54 ST'S?!! TO ST4 ^tSv© ^C^Eto TO4 44R I 
^!J!*^5T444 'S C 5 T®T4IR4T4 4^4 '5fT?4 e ^© 4^ ®rT^4 4?*f4T^?S4 STCSJ 
4TOT4 44$ 4TO4, & S4T4 ^T4R4T^t 4f c T4T^ sf4^rto 53T I 
^T4T 4| 4? c f4T^?TO TO c*R to4t^r (Heavy Electrons) I 
4VSTOT 49[f5f ^t-CST3R (|i-Meson) RW s?4to I 

« (R5T4C5RTC44 ^T?4 5 4TC44 ^S ^44 HWJ$ ^ « 
Wccspr*? (Street and Stevenson) 4|4iS 4f44T4 



sECTWT’ffo^ sfaj « stfsroifsF 
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TOSS'S 'STCS OT«I TOS I ^TPRT astTO 4?pf& TOJmSS WTO 
csw-tort 10 csfsr »(?f atom ca$ ^t^ro smi ss, tos 
TOretft to s**iff c*nfa® sm i gw-tor swj fasts to 
atsTS afi stsi ss i famra^s (Anti Coincidence) 
TO totcsj cwr cast as SfirosHl sfaas aro ^TCTOfos 
^ *m 5 $ CS^fa fasts stTO CSf$ tfsS TO TO SITS ®TSPm 
^Co aTCS ; CSS-TOR stCS *mfa$ SSTOR^fa a*fo §afas 
'TOT SI I faSSTa^S SISTO STS1 «9$ BrTvsts S^T^TO CSSS 

cs^st sss ss i ®a^s* fa^t* stsTs cat* cto* fs*fo ssts as 

^f*mts?r ip TO afalTS «tfa§ sptf»H> TOP, STS TOT CSS-TOR 
TOJ 4S ESSaS CS*r spT SS I TOS1 *[C^ (TTWfe CS i$§Sia Tssafa 
#ITO CTO SSISaCSS ^STvsl CSC^ wT fssa*l TOS 1 aftfc <3 
faft^fTCSS a?SSTa ^STCS *fa*tf&S ^S “TOST STS ^BR^Sts 

tos am 130 *[«! ca*tt t £tsi ssmra w smrew &»s asm 

*pfapTS far^fs an i 

aSS^f *[Ca ^TS<3 sf&^^TCS |i-CSSCSS \»S ?S^S ^S1 ^CSC5 I 

s^^ttcs ^ tos aifa* ^tcs *$fa sjr 

vip = (207 ± l)w/ a 

20*9 : ji-GTOOTT fsafes 

astro stsi cgsi sts cs n-csss ro't ssfwi as i &®r§s 
( si aferts) fas3p to farfi^ to sts i fx-csss 
snfaros TOfr* ac?ft ^ws a? ©ftssTO afssra smi ss i 
^ a$ ©ftssroT am to*f sifeBn-csw* (10' 6 cawa) 
arosi sts i 

sts (Rossi) <ns< $ts sTOiatas *s&so tot *Pass n-csscss 
a^ ©rtssror (Mean Life) afssicas ©rsi asHi asifc 
s^csa i ia| aifoffs ^«nm^ *ppfhFpm (Counter 
Telescope) aTTOn wk a^g^ cac^ fsf®n 

s^rsfiat®^ sWs^CS'rt^Pm^a^TSl (Vertical Intensity) 
afasrca smi ^r i sft fx-caaa^ c^^sm si ^r, rotao srsnms 
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*rasiT*i <3 w&r tos?r 

c*ttto3 to ^t^si^ssc«t<t to ^tro^w wr»r®Jt to 
to®3 TO*F1 W TO?H I toTO^a 

W iflW«K *TTO [WTCTO ^T 9 T® J T TO ^<H TO, 

saTTOT *nW®RGff WT^TaST TO toa?T TO I atfff *rlfarf*K <3 

w?*rt®rt to afo lira® c^sto ^h w*i*ifasn*i c*m*\ 

wsnai aRDfa (^n c^ftfato *pF cwtto) 

cwww caS *rtfsjfarcc?i tosncTO wro wnraw ^srItost tots 
s 5T?* p T® TO TO, ®TTOI to?I fi-WTOl ^IT^RR TO WTO 

TO31 toa I TO«I infaffaR ^ wfaroT®! *$S CTCT WTTO WOT 
CW W**f W®T1PI C^IT^Ta TO ft* 5W*ft?RT*l W<*T WforfaKOT 

wfawm tow cwtto cacfo to cwifa® to i a*® era f*^ oti 
to cn to’si to wt^e ^'qcws toa<r sot 
(* n?erfw«ff) ^wt^cbto wmaw to to®3 br wiwwi ?*f 
crotTO i 

Ifl?r TOT «1 TOS5 fX-CTOTO C®©rfaFS I *nfaf»TC CTO* 
*fa*T®i c^tcst wtwc® [a-csto^r:* arc 2330 fato ( arc 
7000 f$ ) wfto®* a«f toowq to® to i wfssw *ac® 

{a-csto^rt cw wto wtot ®i vflPR ^ eftarrora ^wto c3*it i 
*CW WOT3 TO «aCTO CTO fof WTO fa#® TO I tos*^ 

Ia-ctoto wtwto tot tosna to ww wTtoto wt«?ii ^rr?r i 
<r?w o to wroifforo w wro wwc* ^tor? aff®c® w^a 
afssrca racsw i «*& a*?®c® afafa® ^ eftorocwa to wwsn 
WTW SR 2*5 X 10" 6 CTO'Q I 

4*nOT ^CgrTOWJ OT faftoTCW ?^f®?T |KspR M®W CTO 5TO 
TO I v£l^ CTO WTTO«f®8 ^ to TO W WTSWTCTO C3Ca<T WtOT 
sgTOfa TO I WTCafW^sT^T? WTOI (Time 

Dilatation) *lff CTO TOT CT &5 C^C^I STTOet ♦ralwCTO W?fl 
afafa® *rm *IW$® TO ( 8*8 bp^i ) i 

WCTO«tT9iTC^ a5lWT?ra f^ft^CTO 31TCTO to CTO ETSJM'I fX'CW^TCRW 
tTO^C*R ^ sftTO^TW 'SC??! 2^a ®rtTO$TW WC^Wl *rM®W ^TCW 
C^TW TO I <ai tofsra sfk^TO CTO (819) 



SRCrarofa* 3?*ff <3 C*ltfa3 3f«T3T3Tfa 
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*013303 *35TC3J p-0303 VfV W $?l333M fa3f*N 331 3T3, 
30 30 ?331>3*Tfa (1-0*103 faff frr3l33 3^3 

*fv5 ®ffai0STCS0 330 53 I 4§: 30^ &*TC3 fcfafaff 5E3C5 I 

*133®! ^C3 4§; 355 ®ft3fT3M *(?3S|T0f3 ®0T 'STTff'Q &F5^53 
-‘Tffl’^l *131?^ $^«Tfa* 53 1 3'«3T0 (1-0*103 ^ ®?l3?T3TC*r3 

*frf33®TC3 30 

t/i = (2‘200 ± 0 0015) X10" 6 c*iC3*3 

(1-0*103 f33&03 301 43^ §0T3tiT ( 31 *ffs?&T ) 3f «£ 53 I 
*1*01 *1*01 ^ ?3§fa01 ?3S^\s 53 % 

(i*-* e ± +2v 

fasjTff fa§f§0T7{far3 ^3»n CWI 3T3 31 I 

03-3*3 *ffffaT3 5T31 43* C3*03l3 *7353 CSfS 3J35T3 3C3 

(1-0*103 f33$03 S^fo f33i*l«l 331 5E3C5 I (2014) faff 

(1-0*0 ?33$03 43?& C3*g3l3 «T353 C3H^TSfT3 OTfa® 5C30 I 

faff (1-0303 5W1013 C“f3 30 C3£3 431$ ^C«T3t3 5^ff 

031 3T3 I -331333 3T31 031 3T3 C3 f^S^fvo §0f3&T*[fa3 “ifa* “£TC 

C3C3 2fT3 52 fa-£-C®l *$3 3l3T3 3ff3I fffa^ 53 I ?33$3 3TC*1 

3ft 43?& 3Tff Wft01 fa8*f5 53 ^T5ff3 *lfa <3 ^5303 3*330 

^ffT^3T3l §073&T 43* ft^ta, 30513$ 3? c f3T3 ftft*£ ^330 “ifa* 

3T31 I C3C5^? ^51 53 31 $Fa43 3^30 331 30 C3 ?33$3 3TC*T 

43Tf33 fa$$01 fts^sff 53 I 0C5* [1-0303 3ffa C3t?33 S53C33 

_ i u 

(Spin Angular Momentum) 505 _ -- 43 * 0E5? 

2 Ztt 


§073$03 43* ft§ft0T3 C3t?33 ^53C33'Q 


1 h. 

2 2tT 


53, 3T543 


3f^30 331 2JC3TS0 C3 (1-0303 ?33I>3 311=7 03^ 3*313 ?*l&?a01 
fts*fff 53 I 3T3T33o8 30 <0331 53 0 ^ f3§$07 53 I 

ftfffcl 3T07 fas^f© ^73^^t=73 *lfa 3^3 ftt3Rl 3301 <5Tfa3 
ftffTCff £1^1330 53 0 403 3C3J 43$ 505 |3-?33I>03 *03 
ft$?&0T3 3*13131 ( P-faWten ), ^’fffftff Sfffa I 4$C3 3*11 
53 (X-?3$ft01 I 
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<3 0**5* ^ afro 


20 * 10 : 

csi*r srrfasrom to ^ a*nre srr^tT^ fawft §ta<mi 
(H. Yukawa) CTTO3 TOJTO fafcgstajta ^TRf 5 ^?!^ TO5$«j 
^IT«m BRI ^?«tTO ?F^R1 TO^ I (16*11) 

*4*[CW Q ’ITO ’Kfosi TO?ITR 1 ^1 I sjvaFpTO 

TOJTO ^5 m% i£W (Range) *tfs 

ta*fk toM totc sa inprn toj b^tar «rcwi am 
jffcre 3*1 to! ^faTO TO^fTR-a*fTCR3r (Exchange) to i 
C3BF?*5m CTOWm /Ef^^rFsl 3JNJ1 BRI ^W?H 
^sjh c*r i£)| spsrst to i $73 ^ ^i^pro iic^m 

-^tTOTBT 5«31 am 10" 8 CTO« I 

[X-CSPR TO «ir[SfR ^?n ^ C3 

tos ^totc? *pta i $r*a f*|fapra tojI 

v£)§ B|^TO?I *PTC*lfo J& I 

S^FTCmm '5f^?fT?fl fc^gfelPm SfWJ^m a^®T '5fT^ c ^ 
fafaTO (Interaction) to c*pr ^ 5m i *Fs3TC 5fT*n ^1 
CTO TO C*T ^ C5j5R?(?e| faiBRno 3f^5f 

^ a^TO fata 3 to ; cw sror <&m 

fata<J ?\mm (Probability) ft TO I af^TOF fof 
(i-C^Rpm CTO Yfo ^ *W> l (X-CST^f^ COT51 

CTO aot?RR 53 M SfSJTO C*FTO*m,C53 *OT 4C*m 

>!8MIn 51 ^ sa I SfTiT ^ ufllffS ^ 

sffrTTOm *TR I nffrfspo ?np sft^srTO ( 2’2 5JT$Kf : KTO'Q ) 
^«FT<3?n Bi^ta *f© s/taroa am ^ <m*ft tosti 
m i 

4$ ?TO5*n TO sn^TTf (Marshak) JTR^ 

3[TPlfa$R faBST^ Sf*[siR TO^ C^ I^^T<3?n ^f^To C«I^R TO JJrC&PR 

Bfl^k =T?T I >TTOT ^ aiTO^f 

(C. F. Powell) ^i<f^ >rTOT^^f to^ *rr^ to 

<m*\ *nn c^»B^t?f ^TTO ca$ (Nuclear Emulsion Plates) 
to {R^t»m sir*n ^ 5siTO*m Uwfa am i 




I 



35T®rT*lto 'Q 875 

aTsifa^ ataa c«rc^ toi fam tor C3 3fa3Tft3 ^ to gT3 
300m a ; ^T<n 43 to c^R tt-csto (Primary 31 »*n <?PR ) i 
C*F31 TO 47f3 5TC3I fo$ 3W ^h^l ®T35C33 *t33T«l C^S^TO 

*rcw f^?sF?n to to i to foj 3 wf ct-cspr 

fer 3 T§: fasrto to to ; vsm awira c*t 3 ara c«i:^ to 43 *fi> 
tf*Rn firsts To C*F31 TO I (2014) to 7T-C3TO3 fjppfa 
TOW I 35TTOto 3?*D3 TOJ 7r-(?PR*(fTO TOOT®: 
3T^r*9£TO ^ TO C*f31 3T3 1 TO3*1W |K3*R*(fa! aTO®8 

TOT$T?5 *3331 3T3 I 

7T~CST>T=T ^3^33 *13 SFstSTO 53 C3 4$ TO 

^TO331 3*?sa® *tf*rcn, TOl fa^3*TOJ53 TOJTO TO^ 3CTO 
TO TOl I TT-CT^RSjfa «{3 a3*f «TC3 C3*OT3 *KC*I fatal TO, 
3T3 TOST 4^ 33 CTO^ fa^to 53 I 7T-CT33*jfa C®BffaF3 53 I 
4W3 fa^TO TOT 43?£ |>C3*R ^ 53 43S 43^ fa^tol 
?^v5 53 8 

7T*-*■ |i* + V 

*$$ |K5pR*jfaiC* fafa<£ 353*TC3 fas^® TO C*T31 TO ( ST3 4'2 
ftr-4-C®1 ) I 43 CTO* a^3TO 53 C3 7T* C33R3 fa^fa [A* 
CTOR3 3tC3 TO 4^5 TO 3*fa^l fa83f® TO *1TC3 I (2014) 
to 7 T- n TOTO3 (Decay) tafa CW TO l 

*133®7 ^J?H 7T-C3TO3 TO 43\ $1® #RTOI «{3 3ta TO3 
fa*ff® 53 I 4C t f3 313 5ESj> 

m ( 7r± ) == 273’3 w e 
t(7T ± ) = 2'5x10" 9 CTO*« 

$E5|^fcifa 55TfTO 3*^ 3TOI3 43\ ^TO SJTO 7T-C333 5T^T<3 

®ITto€N (Neutral) 7T° opr* snfa'f® TOf t ?r 0 C3TO3 TO 
TO 

m(7r°) = 264’2 m e 

7T° (R^R^to CTOrfaF3 53 I 4OT3 *1^ ®ffa33T3 5^ 
t (ir°) ~ 10' 16 CTCve 
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*I3ST«l 'Q cw S&T *(?S5S 

tt° csscss fssScss To! ^ y-sH ^*t 2 S 55 s 

7T°-- 2y 

tt-CSSS «rsisf^a *K*$ 'shQb TOT SsJTfas^Sl 

fs*srtoT<?icss 184" fayzFi-si^casSs cto aT$ 380 fa-^-csi “its 5 
s*ns a-^f*TTO TOI *UTC$s vsss S1\& V STS (Lattes and 
Gardner) s^ass f fas §*fTCS tt-csss &%+m *fcss i to 
<:am&CR^i ststcsI'Q tt-csss ^*ijt s*si ss < vm$] §B5*rf*y \5$c$ss 

1TST<3 7T-CSSS S*S1 5S 1 tor 3W3 fsto *tSito5 jr-CSSS 

§s*rs ^1 sts s 

p + p -* p + n + ir* 

p +p - * d+ 7T + 

/> + H-* » + » + ff + 

p + n - > p + p + n~ 

CSSfcsS S15TCSI «fT^ 7r° CSSS'Q SST1 STS S 

/> + Y->/> + 7T° 

d + Y-* d + 7r° 

d + Y-* p+n + it° 

^?ss ^’ttcs ^iTs^d tt-csssw csks 5 c^f'czrt stsi ts^r® 

TO ^S sfts* 'STCS iSCW «S Ms S^Sl STS I ^TCS fa§T\s 
7t-csss*i?to c^s^k ^rsBfs cssctoTfas* csrck §to si#5 
s?si 5S i cwc$s swi sotc'tS wfai (Range) sWt to <ass 
G5t$$ CTOS SCSI TORI 5SSTO3 3TO SJTTOfa STS CTO S*tol- 
9[?5T3 'SS ^TT'QSl STS l liTST^fl tsciT\|^ SST^FcS SIS^TS 
(Delayed Coincidence Technique) ST5TCSI ^fas &STCS 
7T-CSSCSS ^ efrravroe ^ *iffo tot Ms ssn scscs \ 

p — p fS^FSTS S»C°1 ©SCIjSS 7T + CSSS- ^‘ST'TCSS 
mwm (Probability) <ss* ^s fstons, sptfre ©scSss « 
7T + CSSCSS STOfa TO! CaTl>S ^*TTTfCS3 sstsjto \jprsi to 

7r + csscss ^s csstto ^scs^T (Spin Angular Momentum) 
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W 5 to 55 i 4 t: afssua cto* 7 (tt + ) = o ami 5 T 5 i n~ 45 * 

7 T° C 5 TO 5 tosto* *j»tj ar« 5 i to i 

5fa*|p4 <F51 TSJMW. C5 ^WTO 5(Sj5T?ft 7K55C55 

SFJSia CTO 5fciTO ^[TTO-a'rTFm (Exchange) to Tr^sr^si 
as’aro* w4«i to i srrTO-aro fanfato §aTC5 faflN 

TO TO 8 


Pl- 

; 

n a + ir + - 

—*/>■ 

(201) 

»1. 

; 

P a +7T“- 

—*«. 

(20’2) 

p,. 

; 

P a + TT°- 

—p'. 

(203) 

»1- 

_o / 

n a + 7r°— 


(201) 


(201) asftroi 'Sf^ro't p x caTfoft tt + c5?r to n x 

SfaTSfiT® 55 I ^a5 4^ fa^SN 1l a 4| 7T + C555 

cto®i to p 2 carfor a*kto 55 i a?r^5t\s vg5 ?5 ?sf 51 ®fTTO 

fsastosft 55 i ®p*fa 553?^ p 2 caT$5fi> sitto ijtfs sf© 7r + 
C555 fas^f© TO W 2 ?FTOt?T5 I ^ 3^ ?5§&5 W x 

4fe CW1 TO ^TO p x Cato 5iara??Fs 55 I 555f STTTO- 
aTO ataT^ 10" 2 3 C5CTO 5T5 5TTO3 TOI 5$ I 4^a 
ara^ato fafasm ?rt^s 5 ^ sitto to caifa 45* 
a5*TO5 to «fT^ 55 1 (20’2) 5S&TOI ^5T5*t 7T“ C555 

smH-afflro to« sr^a 55 § 5 © 5 re arcs 1 cst^t- 
carSsr 51 Wsfa-faSfo srra$*ft 5iro §g5 55 siwrofa ir° C5TO5 
^TTO-2RK^5 TO I 4^ CTOTCF SUWH-aTO afcST^'PTOS (20*3) 45* 
(20*4) 5jsftTOI 5T51 fatff?*F© TO 5T5 I 

4§5ia SITTO-OTKTO faf C55H^f®T 5TS5 TOTO ^ 

55 51 1 to«i caifa «?5§§C55 m apfoi m 1*29 fa-^-c®i 
ato jw^st i ^asac^ ct-otto TO-afs? am 140 fa-£-c®i i 
aa arcs <m 4cra f5§fo-cato5 toi 7t-c 5TO5 ^TTO-aro 
55 ¥t TO ? ^aFsff'te 4|?Ra srTTO-a*fTC55 555 afe 5^5^«1 
^© aK5 51 I 43^ atfSRT &SC5 5^TI TO C5 C5C5$* 
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*reSTT<3 'Q £35*83* 


7r-c33W3 ^TtfTJT-sm srfo© 333 *m 3TS 10~ 23 £313**5, sn©43 

5fo3333tf3 srto3^T3T? (Uncertainty Principle) 

4£TO 3^*133^13 *fto $jto3vsl ^3 £3*ft 53 I £3£5^ 4§ 
3^313 AE.At~h 53, ^43 i£)| 'BrfiTOl^Tfl n?33T*l 53 


aE 


h 6‘62X10~ 27 
At ~ 10~ 28 x 1*6 X 10~ 6 


= 400 to-C^i 


stfrc *rto £33C33 arc ?*m ana? £3“ft 53 i 

3^3T? 4C35£S 3?33*«1 ?\$ 3J3MI 53 4^ 5£3 *\U5 I 

35n 3T3 ct 4£SRB 7r-cswtf$ *13*513’ (Virtual State) 

3?<d 53 i 4t3 3T$C3 3?*nto 3*3^ ^ 3to wre 3*t33* *rs 
*j% 3333T5 3*31 skrtsr 53 i 35p©8 aafannra n-csm 
§SW33 to £ato3 “fo 3^3 3t33**re to-c^i 

5^31 3£3t®r, *nc«t$ cw«n cto i 


auto 3*fa35T3 3wi ^3g33fa T^7sF?n ^3T3W3 ®rj 
W«fws ^^ 533 % \535-33t3*3«i 3J35T3 3*31 : 


„ 2 , 1 0 2 <^_ A 
p * _ 7*0F-° 


43TC3 <f> 5tf§ £*3*3T3 fa»3 I 4CTO ?3toT3 *pipfai 

(Range of Interaction) 53$ srifa (Infinite) terat i 43 
3513*1 5E5 £3 ^5^ 3rf*WT^»I *£TJ <®3 ^P 5 ^" CTT$!T ^IFfH-SRH 
3*£3 ?3f2F31 3*£3 I §§33*331 CWR C3 jfto J|333t31 *$3 t3ST3t 
f3tS r 3T3 £TO £3 35?«f3*Tfi>3 *11313-8373 53 ^T3 ®3 “J3J 5ff® 
8TC3 53 I 4§ *[?*? ^3T?f[ 43? 3^*135^3 *53 W 3£3 to 
to 83*5 OTr-^PlIWI §3*5T?3 *d 3*C33 8 

1 d*4> IZirmcY . n 

v +-t°w*~ h ,f> - () 

4 533 §§35T*5?n 3®T §38133* f3*53 I §8C33 *a33f-33t3*3t«13 

33T3T3 3*C3 £381 3T3 £3 4§ f3*5£33 3T3 R = h/27TMC 3Wf1 
3^33^3 *^C3 *{3 3*£3 873 I ^fT3 2? 3?3J7lft35 4§ f8*5£33 
5t33%l (Range) 3E9T 3P? 3531 3T3 I C3C5^ 
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ar<p*fas fatora ^^pftsn ais 2x10" 18 c^rfsr sa, ^arc aai 
tore atfa 


/i 

2ttwc 


= 2x 10~ 13 cafa 


w = 


__ 6'62x 10~ a7 m, 

2 X 314 X 3 x 10 10 x 2 x 10' 13 X 911 x iO ra 8 


==195 m e 


20*11 : £sfrf*ras 


lx W 7T CSPR STfa'nTOa TO TOJ nHTfan 

njsa nacaa «nf^o snwHsfta ^ i 10 9 

c^ra> a im “tfs? ^araarot sRw^a>Pij5 snfa«TO?r as (18*9 
«igD5*f 5^1 ) CTO vfiRffas&KI as ^ sfaTO ^aT*R <W 
otts 'Q «tfTsat nan as^as ss \ arato 

^oTPr* af<3 SJNITS 5?ai JTRT^a ^'Q 

TOre i *nsaTre *ftots vm ^ w fsfa«d torn! ^ 
9 pf ^4 «q^ aaail to^n-faws (Particle Physics) 
tosto frrfs 1 sus^a i 

^>i&8n >TTCeT SE&to <aa* ST^aTS (Rochester and Butler) 
*{m #*T CaTOC^S aOTSJ aST$rTnto g?*ff a^FIS 

TOsm wm s^r sstas ^fnsis a^na an i 

aTa*S «1 33 F-^tol I aOTTOto <tf*p 5TC«fT 
afeta S?*ffSTSl (Shower) 5T^T<3 3ITS 4^aTO $TOnft stoTsi 
(Penetrating Shower) §sa?T sre cam STS i «r ^5 “1% a*as 
CTO a^TTOto ?Ftol W ST^SKS^ aiTCSS asaT^ re*5reS a*cn 
fstoi to ^sa ^Nta (Sroft sfnrsTsi ^asr ss i »a$ ststs 
atm ca*?m 7r-csaa i st^s w stasis 

css-tops srcai 3 c^rts? ^ sftro csn> *5ita^ to ars 5000 
®1TC5IT^?5S $rs«l TOS l <3S SCSI a<BT*rf& to &5C®*ft SH*ITSTS 

faa-fa arosi sts i atm to ^srat F-^stos ^^a 
?p1a^n sanaa (Tracks) (?rai m i to caa-TO^ atara 
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*RraT*t >0 <^*EFF ^ *ttol 

csrcfa tfas srato U*$ cto \ ft fos *f«n?^«ft ^t?^5 ^«ito 

5ro«r »pp sre cwi to ( 20*15 far s'fcn) i *rfa w 



fes 20-15 


F° ^nfrorara fRra;*r i 

TO^FI *\p SKTO TO SCfrto 'S ^T§5TT?r TO^T C$ 4$ 

5 tf e wi ^asr ^ wwRsftr f^nto to i <©tto snr® 
srrto ^fapi gft caftj? to^i to <w f^r*f}«r sfmsfa 
$toTft?r ft yfS^ss 770w, wc*ran C3*ft <*m 1600m, to*F1 
**T to I Stfto ^SP^TO 5 to<ffa SWHTOt 7T-C5PR 
(7r + « 7r“) to ^sih tow toto ^TTOsfa snfa V° ^f'rasifar 
to to 1000m, W5i to i 

tots to torfsspit 4*pft ^rrto *pfaTO sstctos m ara 



fw 20-16 

V+ spfcpFi sntoraft foB?i;*f | 

cto 5 ws snto ^tore hww ^ cro to ( 20*16 
far sftsi) i ,“ife to< toot aero tow treton ?E?r cs 



5?*1[ 'G 5^*15551?$? 
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*f55®8 situs sm snf^s ?55$® to 

fa5T?®$5l f^otfT ®5?5^ 5*fTOft 3ffa> TO 45* 5^5555 555TO5 

C5*rf5*f CTO* TO 45tfS SfM^^T 5^555 «RJ C^TR ?TO* W® TO 
5T5 i tor^^to ®rt 45 5st«m ^*n 55 i TO'ifa <s 5t£to 
faTO TO5 C5 ?55fi>® ^TT?C^ 5tf«mfi>5 «5 *{5 ^S5®§ 980w c TOUR 
C5*ft c»t$to *55 tow 5R f^sT i *u35 ?55&?T5 toi 

gto w-opr (tt + 'Q 7t°) 5c*i sispn to@i ' 5 rrt?^5 snf? 
F + =#f?prifoT <55 to 1000m, TO5i 5T5 i 

5cf$T5 « 5t$to5 *rHto f5*f?*R tou *®r to*tI Ttop# 
(Leprince Ringuet « L’heritier) 990m, <55 ?5T“T«S 45*ft 
$JT?5<5 5^5555 5WH TO I 

TO^f *p\ 0I5-TO 5TS1 CTO5fa S[5S5 Cttf« ^F-TOF5 TOTCTJ 
TOT5in *f?ltai to 4§5<*[ too tot5* F-^to fcrcpfa 
TO5i ^tt?t i ?50srof5 5T5i fcrro C5 4c?5 

5:51 fof to 5 ff^ tkspr tow st# can^r tow ^t«j^i 

45* £fTO 5^1, TORT 5vs5TCT K C5*TC *TTC5 stfs?5® TO 55 I 
K + 45* K°, ^ tfTO TOl C5*R CfUl 5T5 I 3|ft5*5TC5 *(f5TO( 
TO K + OTR5 <55 966m e TO51 5T5 i K + ^ 

$OT5$sft5 TOR 55R TO l 451 *(5 URTOt 55 I & + PRTO ^ 
SrtoTTO 5C55 ST5 1*2 X 10“ 8 CTO*0 I 451 RRSTW f55?$® 55 I 
45 toj ?55fa afro f5t*T5<5TC5 ^wui: 

K + -* 7r + + 7T° 

K + -* 7T + -f* 7T + + 7T~ 

<flfc ^ SPFT5 farfo ^T?5®TO5 TO 2fU5 ^SJH TO 55 C5 
f55^5T 5sf«T5n ^ I 4TO =55 C 5 f'Q51 55 5<KTTO 0 45* X 
C55»T I 45s| C®fa «rtwwft'TO»BT ^TOR? ^ few 55R5 

f55$5 ‘x - 0 55^’ (X - 0 Puzzle) 5TC5 ?5®T^5M 3J*lW5^ I 
45 5555 '5l*pT3JT i T ^P5CvS fuC5 sft 45* ^5T* (T. D. Lee and 
C. N. Yang) 5T5PP &tro*T CTO TO'® 45* 5&ITR TOlf55ST5 
•TTUl : 5*P ^ ?5®Tsft 4^ ^T®I3 ^5*^^ Svgf SU?5^T5 5R3R I 
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'Qs c^g^y 5^ vfcm 

vflW ^ sfk^I f^fzFWIW c^Cff ^Wssf^ (Non-Con¬ 

servation of Parity in Weak Interaction) 1 
(Parity) kfosr Csitf«T^ skTO cto *n "p( 

c*r offore c*r kksra w ®?m ms 
$TPf?f TOJ ms ‘tim fatal’ (Strong Interaction), 

§$to fatal’ (Electromagnetic Interaction) *w 
fatal’ (Weak Interaction) 1 taata^ta fatal 

faster 7r-csi7fPT^ fataiw a^et fatal toi ^ i tofa 

fatal 5Xv5 w tot ar?r 10~ 28 <rw*s i $rTta *fa*i- 

3 ^^ toi TO*to^ ?*ttaTW ^ stagirtfa fatal i 
?^far?n to 10" 18 (?rw*3 sr^ i »a| fatal srt*t fata stctoi 
53 l C*T fafZfTO TO Ptofcr <W fata Oltfta- 
<£?*ito fcrefrr *r*n ^ skro T^Tep?n i ^cro fatal to 

10" 8 CTW® *T5 5$ I fata ^ 3TO fatal tow 
« n?T'Q 1 a«n?[R? 3$ aro totals cror jupsi (Parity) 

^raita? ss 1 »w 5sn t - 0 fros^ te 
tor fatare cto 3^1 *K<rta ^?r ?n i tor § 

(C. S. Wu) w to *rstota *ft v*m kan asTfavs 
3Tw<jtto (Polarized) Co 6 ° W*5W?I j3-faqfrr *r**ifan5 *rafapl 
C«TW i£l$ ^sCTO TOF51 £fta^ TOR I 4 *F»K$ faSTfaa 

wwi sn^<r fror ^fa^s i 

TO?fafa K° CSI^^kf^ 3 $ 2 TTO ^ BrfasTTO *rf<T*lta ^?r, 
0’9xl0 _1 ° CTO^ W 6xl0“ 8 CTOT* I «flPRT CTO<3 TOm 
fw fasrfa atai <?f^n m i 

SESto 'Q *£fata OW-W fcff TO^TW kRR«l 

to *r?r^f srtowR 5$ ex scki zn% farfcr*ffa ^f«Rn- 
^ ^ 5T5^®8 CaT^ ^r ^fWl cHt far 1 TO* TOW 
^kro to 1 ©TOTfcfcre F-^fwr^kic^ F x 
* V z $ cxritcs to i F a ^ ^c?r 

^rtwik® -fiT-OTTO, TOl 7T-C51RR «ftTOl tot C'Efrto towi 
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kj^\ i stwtfsf F a *Ff«mt(frr Km fa^terc ( cst$;t «w 
) Wf^l <5T<ft tin gfTO faqfrr*fk 5F?«I^n I 4tff?r =TTST (TrGSl 
SCOT ‘Sl^C^RR’ (Hyperon) I $CT* src«fT rt2S*N ??ti*R55TCS ^RR? 
*R1 531 tift WFSk WHSk <ptwi, TO CST^T 

'Q i£\¥R> 7T~ &7R ^*J?T 531 I ill ^?TO*{faEP A° ST|C*fa?T TOT 
srfef^s *31 S3 I ilC'R f^Tl^T tftZRTl SC^jj 

A°- * P "I" 7T 

i)C?<T ®3T Km 2182 m e w ^ Km 2‘5XlO" 10 

CTOF'Q I *[33^5* ^C>T ^R'Q *\i>*5[fffT ^T|c*f?R K$ t ?j«n 

S-ST|c*RH (S + , S° W S'), S-STlC 9 ^ (S° «W S') l^llftf I 
(201) fafosr s?nsk wttBw *fa*T>Rjs3 ^t?*i*i w ti®n 
*C3*1S ijWfl C5fa*tf fafas* *<T1 SC3CS 1 

4TOT foSWCTTOJ (ft sfe^RR »W T *TS W <4^1 

5RW ^ S3 i ^| >s«n sjnji *3t?t sri fawpihn $1 *ft 
4*ft> ^ *ntf<T ^«n wsfi tor, top qsii ^ (Strange¬ 
ness) i <st| ©fivoNr £fc^j*fi> f 3[$5$ 

’TWA* TO^P I $$ *^*1^13 $WR tiftK Wzrara 3TSTC3T 

C^lTOifcf *K3J1 *«3fa*5 (Conserved) S3 to OT fac^l 
s&PKR w CSFRR3 kcW* (Associated Produc¬ 
tion) 3JWJ1 *31 3T3 I «W*U 4W3 fasrfoRT 33C3 TOfovS 

S3 =n I <R|®R1 <4^3 TOW^S TOT* 3^3 STC3 (10" 10 

csrc* 10" 8 <?rc*« *r3C3) «r^5 53T i qfrs 2K 5T f^ftranr 
(Strong Interaction) tot 4CT3 $WR 3C$, 4Fr3 ?33fcf ?*q[ 
st335T fataT3 (Weak Interaction) 3TOT 3C$ i iH7f3 ill 
'5Tfo TORTCW SRT /£"C33*T i!3\ StIc^RR^IC* *'STEFS' *f*{*l* 
(Strange Particles) sjpJJl CTO31 S3 i 

csfifara *fa*T35(SC* (Fundamental Particles) for 
CSfte *31 ?TT?r, <?Pf v fa (Lepton), (Meson) w 
^IT??T?rJT (Baryon) I faftrai ^»fI*RWRft 

il^ Sf^T^tW f^fZRTl ^ 9 (T 5 R^T?ft ^ s l w l?»T^ s ^PPl 
‘aiTf^k’ (Graviton) *m tin csi^ 
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^?n 53 1 (20*1) wffcs ^sfasr^faRr ta? csrct fa«T*T 
sr'fHo 533X5. i v<£ j&stft c*x& cw*n 3m c*i csi^fcr ca«it^ 
5J&. fos? »TO—fa^fsfcm, i£R\ faig?R (fl-CSPR ) i 

c*rcw ^fn^T^terc^ ^>6 srrofa^ ^ rct 

2^5, ^ CQPRT 3«n CTOPF3 fcfelR 

Vhrei, (£) t^n? 5 ? fro^n to (?pm ca#^ r 

csrI^f *Fsn§ *[fe*rc*r© tot trst^R ^ i ia$(?5i pfftr- 
fero >r<’«nT?Fr csrc=r tot i cwi ‘opTsur* 

(Fermion) 5 TT*iji C*re?n ^ i 

($*& CSFlfa TOJ ( 7T-CSf*rc ), CTO (/£-<OTT ) w 

T)° (R5R I <flCT* sjfa TO§ *j=?j w 4<n ctoot *rcc*T ^ a?w«iw 
fatal TO I ^?n CTO* $IT^«£t^T TOJTSR CSR?T 5C«T I (R^SRJ 
<3^sii*f ^f c FRW ‘(Rt^’ (Boson) 3u*m c i F'Q?n 5?r i 

fa^ta ( <b csTfo) 

^JTfTO (Baryon) rct ^<n 3?r I fa^sfa i£R< 

5T^caiH^[t5Rr csitijpr '©sr 5 ®rc‘ s t^n c^^ft i ^pf?r f ^?r ia^ 
v£»^l C^fa-feTO *K*(JT?R CTOT TOT 1 3JTfa?R <3 CTO*[ta fac®?PRT 

toi «w a?r*TO?r toj ‘a^-fatar ^ 1 $$ ^ csHfa 
2 R«T fataHfar ^fet^TC^ fafar® 'STIR ^.j(^«i (Hadron) 'snpm c*r'Q?n 
53 I 

4*ror §c?t*ictoj <r fafssr cadt^y 
5fTO faa?fh© *?tai (Anti Particle) m$ 1 ^eft^ctr 
fact's ^tal aferlta *F«n ®lR?n ®rTfa 1 |x + W H~ a<T*TO3 

faa#s *pta 1 'ST^a 7 r + 's tt _ aa 3 *^ faa<ffrs ^*rh i 
fa&fsta<r faasfts ^tai, f^a^-f*r§fai?mT *«a 
5R1 TOC5 (13*6 «i»[Wf 5 *^ 1 ) 1 

*faiHsi 2n*nR«T?T5^r ^r; 

«nN s ^T?w 1 prr$R?r cro ^ *!wraR?r aOT^r to -hjtcww 
f#n rprfan afoas <frr i ac?r «ii^^ *&ms cro ^twrr snm^Rr 

JWHUWHI »W ZK*fa TOR I 


25 
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*RTCT®1 4 CTO* 3&T 


tot cst^t «?3^C33 frofte 

fsasfts caT^r « ?**T3t3 fa^sto to sorts i TO3 

srcfa**T3 3its (2012) tottwi to sc* i 

CTO *?«T*T3 ^rr^TC^RT si (+ *i -) T*3#s *fa*T3 
31T3TC33 fas ft* TO S3, 3fr<3 4C33 TO *ITO S3 I 

sfctro fsa#© *faw f**ii>3*ffar S3 to gift* ^ 

#H*T«T ^ITO S3 I ^ C^HT f*S&FT3 TOT ^ *fa*T»[frl *13*1013 
f**f*tvo *fa*l S3 I 331 7T + ?**$C33 TO fi + <3 v 3f$ S3 ; 
f**13l5 ^fa*l 7T~ f*3$W3 TOT (l' « V ^ S3 I 

(201) ?*?®S *fa*T3 35T3J ^^5 *fw^?TO 

*fa*1-fotS3 3T3T3 iSWft TO! ST31 fat^TO TO SC3C5 I CTO *fa*l 
TO TO f*^*^ *fa*l ^EPTO* 3*3<t3 St^T ^3^ ?*3P t T 
(Annihilation) 3$ TO TO3 ^*-3^*3 3f’tTTO St$ l ^C5T*&T- 
“^ter CTO f*3Tt*T3 TOT Y-C33$3 ^ S3 I 

«IT*IT#T ^f^TO C*C3 ?**f3>a 5$?eTTO *TT«fel 3S®it*T*J 33 I 
4^ aT«f*T 4FF3 ^<fa, C&ftr*-5TS* 3^53 ?*3JT3 TO ?<3l)C33 TOT 

^fc|^r^fsr|^ . a^T'O ?*C*531 **C®1 cron 3T3 I 43TC3 $?C8T3t3T3I 
C3 C5T3 V $3 'Q *JT?333 CSWt* 5fT*TT3Sfa *f«l*T9(fal TOT3 f**Rfhs 
^f®TTO^S C3E* S3 I 331 ?H&yfa n 'Q ?3*T3*hs n feS 

*fa*l | msjffo t*S$C33 TOT *HT*T* CST$3 p, *3?$* |3" <3 V 
( f**T#a ) 3^ S3 ; f^Wfa j*SfcGR3 TOT 3I3T3T* f**Rifo 

COTfo J, 33T3* jS" <3 v ( fa$%3 ) ^*T?T S3 I . TOJ CS 6 ^?? 
^TTOS^ ^fa^T^T <3 TO3 fTOlfo *?3*T*[faT I 331 7T° 
C333 SC^5 43 faCSRT f**T3ho *fa*l I 

(201) 3T3%s a*f3 csrtfs3^ *?3*T*jfcr *1^8 3?afo* TOT 
TO 4* C5Hfa TOTS ’* e 1 s 5T?ft *fa*T3 ®rf®tS3 f3*T*fa 3T'Q31 CTO I 
3|fo §E6*T?*? ^f«T3H 3333C3T3 3TSTC3I 4533 ^3TS TO S3 I 4C33 
3? 10" aa PiEW SP5 S3 1 TO 3S3^J C333 « 

3JTf33OT TOP? ^TTOt fefTO TOTO f=T*f*f5T I 
*fi&GS 4$ BrT'o'k ^t«Wn ^W33 35T3FS1 §TOS S3 3OT 



sromfa* « c*rtta sfaroifar 387 

(Resonance Particles) m i ■JF'i’Srfas 

cto cron m ct ten*R mi fasrfa a?*i fata* siwiw $*i 

TO(fa ctfta ^faro *m to TO^fifa <©^r® 

cqtffcvsi cwnu ?c?r i to tete, carfo to fate, $$te 
2f^T?f ^fa^l ?D^ *RRI^[ a&FRT s^t SjaffiR I $iTTO $(Tf^5 ^Ft*f?l 
’RJSS anw sfaftgpfa fata (Electromagnetic Interaction) 
mrffcs ?$ OTitera ®rr 5 fRT-£f*fiOT?r (Exchange) *ro i «qro 
faWTO(faRT TOJTO tm fata (Strong Interaction) wfifo 
?s tt-ctoh* mn-zmm to i sraaTO fasten, fate, 
A*opr, fafos sfeara a^fo ^ta^ffar affect i\ acrofafa 
am to, 4 awnr afonwi ?afa i ^ *rc *ta ^rsi 
s>T5^ csrtta, ai m* <ks amf« c*rtta a?ta c^r ^faro ir<n 
vn?n ata 4 cto ata te are?n m ai i 
certfawi W3, TOTfa^f awn >pr aw aresi caw, to sr?n 
iac«r?r tern ata, amafa* fata, fate a^te to atffaro 
i "ifap, «rwR, tow*, qjfa a^fo Jjafassre w*i *pmft 
wm* aro, ^rctei-te (Iso-Spin), *rp$, caa^-avw, ^nfasa- 
awi t$m mm sp faR&ai to ^faro §*am 
to ztfhs asra aiaraa pi? $grfa^ tod? i fafatta 
(Nishijima), ca»pR (Gell-Mann), cmy (Pais) ate 
fatefai (£i faTO afaf* i 

TOR teTOiai CT CPPjSiT<3 ^Jlfa?HTO CTO TOZFW tenfefas 

cspjfcwro d ^rfa?R-a<aji mm ^ aero i cw srefare 
W*ite (Isolated System), cate « faate cate** (st«Ri 
^id<i?R * fa*te ^rrf?racR?r) m*m arsfoi ^ «ro i m 
P" -»■ <r+v a +v„ afa?mi fa^rter^ mn $¥$ to cate (fO 
aro i fatera to cate (e~ d v M ) to talte 
csp^t (vj ar«?n to i 

f^TO W »ITO ^TO «TOTta ^ 

#I$1 C*Pai TOT I *pn ^I'T ^WT^falCT fatwr ?T^Ca9t?ra 
teta too to siCT ^?n 331 c 5 ?^ c# fate^R 
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« cro* srfcr i 

'Q tt-cswch^ toi sifts ^ siw ^csr i ^ps$ iaot^t 

5R5jfcPlCTs| CTO faW ^f*lTO f^Stf *lft? «R *51 <C«T ^R1 
^?n CHIC'S W I ^IC*i^ fa'Wnta SIC'S i£|^ s^sj® ^? s t^|^ v£fls1$ faC“R 

c*rtfa^ §*itto a iot sifts i csrtfcpp ^TOicro to croai 

scot ‘ctot#’ (Quark) i tost ^ *sFn?r *$& ctot# 

<C°1 f^'Sal'ft SjrjijH 4(,iM I C^IiIfC4?I ^ifsc??! C^PH 
&m 4*TC 5 W?n TOfa I 

20*12: f^ifa 

^ttcst (7TCSI (Emilio Segre), C5TOCTO (Owen 



fua 20*17 

CSTfa '®nft s ^TC5? *TCfcFl ^51 I 

6 ftf-£-csi (6x 10® £-csi) *rfty ^^ircrosft fasrsfa otrt mm 

fa*rcfts catfa (Anti Proton) ^*TO ^OT TO«*f i $w 



^lerfllTw 3frlT * 
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3TTtoTC33 SRJ Cm * C53T3TO TOT ^i&ms CRC39T 

*PPTO aT$ & \ 

(2017) to asfai a*n»ft awto toss i 6 ?st-§-c®i 
“ tfs* 3W caT^l^TO 5 T ®M3 (Target) fea3 

«n 9 ito ^<n 33 i ®rt 3 cro^3 toi p-p to fas- 

fetto astoq ajsprcft toil® carfri few 33 s 

/> + /> —* 3/> + p 

few tost® can^to ^iwh spesra ®?r ?3®TicRT csfa^ 
ctoet toi ca^fa *na?®® canto stob toft® *tw 
*w to Wv 5 to «rrw i jto *rcta 33 aw apro aa 
to C3to *m i M : ^ M 2 pps ^ sn^iwi fato ®3 t?to 

*TW ^Twppgiw CTO CR831 3T3 l iflfe®TCT 3T3 0'99c C^I aw 

Tr-caaa <w 0*78 c C3*t aw fwite caifer^iw cro crg31 33 i 
S 1# S„ S 8 3Ce$ fsaft 5W awra® (Scintillation Counters) 
<3 C x , C a 3C^ ffi* C5CSPW® awra® (Cerenkov Counters) l 
C 1 awraftij cw»i 0*79c srca^ fee&®3 c^a aw 
( sptfrc 7 t-csph^ic^ ) fact?*!® ^£3, i ®(H C 2 at*nT3^f$ w4*i 
0*75c cro 0'79c Ms <3a to toft® caifo^toF tofa® 
TO I S x 43< s a at*IJT3^TO3 3I3TO 12 fa$T3 3T31 53 I »*ft 
aa qtoa to® rc-csiaa^to aaa *m:a ai3 40 rtcr cm* 
(1 tor cat®* = 10" 9 caw® ) «w toft® car^^to area 
aT3 51 tor crop's i S x , S a , S 8 w C a awnroqto 
a3Ta®a (Coincidence) «w*P}«roft at*[SF 331 53 i C t 

a<3JT33^re 4CW3 atca tolTa®a (Anti Coincidence) 313^13 
3T31 ®qpF ®31 53 I TOT Jr-OPR^ CTO a3Ta®a 3ia® 
(Coincidence Pulse) few TORI «afe 313*513 TOT PR®T 
?3a?ft® caifrr ann few aaTa®a ymk tofa® 53 1 »afe ®TC3 
faait® caito fe^anR Ws® ®t :3 asn 6 ! ^ 3 i 53 1 

TO« ^gW*5® 53T3 3RI *f3a#5 CaT^^TC^ ^*f-TO3 

m to arin 33 1 43 tot caito atca ? 3 toT 3 toi 



390 a33i*i o cw afcr afro 

3$, 3T3 TOT TOre$ 7T-OTST, frlfcgftR 43* 2C-R3H ^ 33 I 
CT*a^k 3r353 C?TO>3 TO^ «^[3ia fata 3^1^© TO Rai 3T3 I 

p 43* p-m fata fsRfarfan© asffog®! to 3*31 313 s 
p + p-*(5 cto 10 )7r + f^hR + iT 
*(3 as3^5 ara ^ 33 i ac3 4R3 *ro f^gtera 

f3fS*3T3 *FC«T $RJ $j^a^" 33 I C^'^hl ST35C33 3C3I 4 (>(3 

5^r«m«r^f5T 4^$ cto* fas^ to 43*ft scig^fo (Star) far 
§*a*T TO I 

f3agfo camera *»g csrrferw TO3 a*:a tor i 4R3 $fT3R 
TOTO 43; 4<p (cn^fhl TO1PT3 ?RR I 4CT3 qjfa $ 43* C5faF- 
513* CaT$R3 C5^-5TTO?T 33H, ?*? faag^at (— p,„) 33 I 
cro? *fa*pp|y33 aT3*af3* Mtrtrt 3T3* to 4*ft 

C^s?, CT$TO feswta-afolfisT fa^TTCag TO C^Tfrl S[?r 

(14*6 ^cm 5 ^ 1 ) i ^raar* WgshR^fcR aT3*af3* f3fa3T3 
3T3* 7T-R5R 3<33T3 TO Caifa 43* faa#5 CaTlfcR faRPR TO 
TO**[fa ( ^ 31 TOT?3* ) 7KJPH §*a*T 33 I 

f**Rfte car^r ®rr?^rc?RT to U^SuW'Q (Anti 

Neutron) aTO ai<33i tare i tartre3 TO fe^as fa*refte 
caTfrr 4*fi> fr*TO33 (Bubble Chamber) carcare3 (Pro¬ 
pane) to caitor a*re 4 srsH3 a*are aT$ 33 r sstto to 
5IT3TR3 T^Ttoit ( Exchange) 3tS i 4 $ a*3Ttf©3 to faWN « 
f3agfo fa^sto yw §*a*r 33 i f3a?ft© «r*a*t3 $reia3 

TO 4*ft C**5t*3 TO ?3§§R3 a*C*l ?3?!F3T3 TO ?3R*T aT$ 33 I 
TO*T C*^*^ 333XQ faaf'O^ 3X3 313 43* C3*f *£33>fij 7T-C5PR, 
T*(^pl3*l a^5 ?3S3f© 3T® C®P31 313 I 43 TOT C3 '©HWI’^T'i 

53«ia«R^ &*asr 33 ott3 43 * tori agfan cro 

U*[ifc5 ?3§£re3 stf®5 5 TtT 33^®1C3 ^5 3CTO I 4^33 <53 
W&R3 TO3 5RR I 431 3TT3R3H ^ i 43< 4P?3 

C5t33f-5m^ f^R3 C5to-5TTO3 33R >0 U^S^t I 

^3a^v© CaT$3 43< ?3a3*V$ T»l^3 ! 5Jlf3 B 3H33 aC3 f3351»rt 33C 8 ! 
3RTO ‘?3a#5 3M«J3’ (Anti Atom) srf ®3 3^R1 TOR I 



RTOrffito af*ff « <?itto ? Tw«lfar J 391 

tofte aaRT«[a <?FTO toak CaT$R W faaa*hs ?R$$R toi *lto 
to i toto n?f$R srca^R aro i 4 *r<3 to area ca tore 
kflSfflDaa CaHR t£)^ 'SMJCTO RR® aWT^ 5?R> ?aaat'5 

*RTRT3 TO1 *lto I CWTTO Ra aWT*^ af'fiTOF ‘?aaa>c 

a^’ (Anti Matter) t TOTW4 ®?tri w?j«i sr^a RTTOR 
a*rTC«fa R*^ata TO! v*i?n faRT*T (Annihilation) aT$ to 1 
a^RTCR 4§a>a toa*te aaRT*{ ai toift® aafltfa $ito R**$ a*RRl 
fa»JIR TO I 

20*13: ^ju RSfarf’tf® 5 * afara «l$f% 

$TR»TCC*fa R«*l R^ISrTRfvsa 5 aWa ®k®l afaavsR ®IR»J 4W 
caian to ca spn aroffito aW atoia aiai «ito 1 
(20‘4) 3 ispsw sucento *j£-ato toi (East-West Effect) 
CW STStaRTR 5 * CS spiJ atoTS(faa ^TtfT^T tfTO^S W5I?P I 
C&to CTO C®? TO Ra afrlTO «n*PR CTO 

caran to ca *m *ft& 1 aFtoqfri can^r to ^wa 

rjr®r sna 2*5 x 10 9 $-c®i s^ai ott^r i atorsjfaa rwj 
afa TO* TOl *raRT«j C^TO STO, ^TTO ®TPRT *T% ^oiT 5*31 
SCttleM I 

?aj RSTsrrofoa a?*na Harare 5 affc rto Jrtavi aura 
R<*15t® 53 **8* rtc«i 1 iFtera, •w.caw, cai, *c*R5tora, arc 
43* *fti>Ta v R (Freier, Lofgren, Ney, Oppenheimer, 
Bradt and Peters) rtr$ topfto casjna TO ^5^ 
cro ara 31,000 fafra fof carok TOga c?n> w 4^1$ 
catf R<anaa* faato caa-w caaa tor i TOgcaa m 
(Vertical) to 1 siaga ca$ w CRR-a^cro RT5Ua3 
^TTCeTRstojffff fTO *fT3T3 TO CR^TO tofR® 331 5a I C^S^k 

TOga ctrcfra atai ^ <m ^st asto 5sr«iac«ia to*fR areal 

m i 5R«ia«f9|to ^rraRR cto <ron m ca 
ismk ^ Z (c^gask ^rraTR ) *rcrsrr«( c^*sc^a toi ^ \ 
5RW(^fei cto &*m i to* »aa< Rifs^fk caar^s cak 
saw* cato «nro c^n to i sm ^ato spi a^kro 



392 ' aaaT^ « was* a&T afasa 

TO1 Sim^OT TO fifths C^tk §W*&aa 5Wia ; *P$m ^ 
5-aH i 5 ^ saaacaa tfcs <g** faafa *6am 8- afcp atari 1k©a 

TO *fa*T$a snaTOT §aa I 3^S<IR i£& atail Tsr«t?T TO atf'WTfik 

snam (Z) fcaiaa *?n am i ^tara akaia to gar a^MTafe* 
afam acaj Z = 1 (cank) c«n? Z = 28 *pfc aaaT«i w*swa 
k'pfa ami ^rr?r i caa-* 1 * srcwr^taa acajo &s 3 imaa am^ 
a'as *k*m k^pfa ami am i (2018) fro wqs*k smacaa 
acar fctasr 4 *$ $ai aamrrofe* *?a*m saaacaa far wkr® 
5OT51 aca ^rmo 'srcaw 14 $ 5 ?Fsk a<fhn *ca Z = 40 
a^s $nam *r»m w*Bwa TOa an i 

<«taa aaHi caw srekaH sa ca gar a^iafo* aH 
§w*&?m cam a^n^ w*g* ami aftra i ^wa acaj 

csrfom aT^ ^ *ktfa* ( am 89% ) i aa ^ a-*kan, 
*p(m kfamm w'scam aT0 (am 10% ) i ^s?r Z a*a 5 r w*swa 
aT 0 gmas *a sw arc* i ^wa fakra ar^r ca$ *itana 1 % a<© 

^ i 

aRT*a aaHfa ami sjai a$>jSfTak:* afam aT^? a^iwi'® f*|r 
f*f ^ai amn mm i aTfjaTOa kfosr to §ta?r aWami 
(Shower) a*a?*^ aakn caw ^ aa ami ^aw asisiTafo* 
akga ak? ka»a*i *ai am i aaca aaca aa; ^ kskt amak a?*n- 
ami (Extensive Air Shower) fcaasf sw <?rai am i ^ sfrek 
afaramm acaj sfa a^ffaihca 25 caw 50$ ami-*k*i (Shower 
Particles) ami am i ami-wwf (Shower Core) *k*i atan 
aime to* caat sa (10 4 - 10 s ) i ^ aa *fa*m TOacaa 
aa*Tota aaiat^s atana* (Coincidence Counter) aia^m 
amrcaj aam ami am i s^fa* to ^ ®rmk akgamm ksm 
to^p *T5 fs$m a*s c*rai am i ^Sara wm wr aataaa 
aaia^a a^aim^F aia?m to to* fTOiWa a^a krot ataramia 
ka*fa aT<3?n am i ami aai^ ^kroais^ av? ak? ca$ 
*k*m a^an caw ami fcww “fe a*afr fakawa ak? 
ka»aa *ai am i <$$aa afaara caw a^kam ?a ca ^ai 




Track as it entered 
stack of plates 



Same track after 4.5 g/cm 2 





Same track after 9.2 g/cm 2 

I_I 
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"tfar 10 9 cto* 10 17 £-c«i ^ i ^-fasrat 

TOra'fe afyTOi *ratan ctw sms *rro too fees-tfe 
*faro fefa tosi to i *ife *iw ct ^faTO fefa ^ 
♦rt® *iwn cfim to *tfe toe 6 x io 19 $-csi «i<r to 10 spn 
?totto ®cra cto qqpra 4 ? tsrdnr fec *6 i^rc® to $$ 

*lfe TOTSR 5® I *f3WI*lf^ CTO #ITO CTO iffclTO *fa? TO 
STTO'fto I 

^lfpTOWS 3TO CT*EFlfa 'SRS^ C?f$ C2f^*l TOT C*T fuff 

*nm to stto m] faf fof to^i (Star) *T<fn tar 
*tra*i to i <s$*flr to^i *iy*r fra few ^ fesrarfe s^ramfe* 
af*ra wrc®* ^T?n c^^fro ^*n foqf«® to toto tot i 
4§iK*f fwwra TOT CTO^ swi^ fafesta ^T^T'Q fflwr sto cwr, 
few 53 i wtai (Range) *ifasn*r to 
to*fi few? sN® Ms to to i $$ *ffif®ra« sroffifta? 
s?“P tot to? arawsjh ^«ti *iresi to i 

2014 : ?fo«IWnr TOT ^*U **t*Wfe ®ftw fell; <^fH 

• 

fesrafft? STONES? SW *T^Wl TO“I TO *TTTOi 9 f fata 
TO, TO TO faf«sr SJTO c$ifa faf?s«i (Secondary- 
Radiation) few S 3 i 

feta*? y*n ?fa?*rs[£ 2f*jTsr®s st^ttos Wiwr 
CTOCTO ^T^C*f ^TnTOJ 51T® ?CS *ffa??S ?£S I Srl^fa *KSTC$S 

to cro^fsi wn fwfe to to i fe*tro *uwrwra cr*n cncs 

CT $$. TO?T <4TO JWI WC? fafe^fe, TT-CSPffi 4S* C?H C?H CTO 
f?|i K-fflTR SI ^T^C^fS'T f*TS^® ^?T I S^^S ^T^its *KST£®S *R«1 

7t-csto?t fir# ot 2 fTO sfai i few feta?? fafesfe^far 

3R3HT CTTOS *KPT TOTCCT TO *ITW 7T-CST>H ^ TO I 

few 7r-cspR^fro siwi ^w*r f^fwr tostt«i &*%&* 
^cn f^ftrai to CTqfaw to i c?Hk <m feswf^? ^nf^s 

5TWpIC° 1 f^rt&® TOT { i *C 5 f 5 P7 TOT I ^TT*TH^»T 7T° 
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*rasrT*l <3 



'Q jU-espp? I 





55OTtto ?ff*g 'G c*ltto ??TOT5Tfer 
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OPTC^fel ^*fR? ^ TO I 55 C5C5 5TWI Jl-CSPR^r 

5*05 *ftfcj£TO (Time Dilatation) srj wranf® ift^rat 55 
( 20'9 sqopr 5 ^ 3 ) i <?&eRj 45< CW515r**ra 5 , 05T5 srj 
p-cspR^fa sn^sT'oc^nf fasrss to cro wr i ai$ 

55T®n*#®^ 5H5 StW'efl Wf (Penetrating Component) $fto 
55 2f5H®5 »£$ (I-C^TR^fe TO1 I 

p-CSR5S(to fof 3K*r 5^WI ?55to TO &®rcsfo 51 • 

fcw TO i va^T cro CS*! 8 ^ 45< (Pair Crea¬ 

tion) *ff?®c® *ff55to to C5 5?*i[TOi (Shower) 55 
CT*|fto$ 35R®8 5T^srTOT5' fjRTO g**K®*ft TO (Soft 
Component) toC5 CW1 TO I 

^\ss *itop*is 7r° cttos f55ito tot ^r[smkto 

top C5 *{5 y*^H $**w 55, ‘g^- 

fa®nft 5T55t5 sfcffTOT (Extensive Air Shower) TO i 
*a$ toi sw 3**rc®«ft «rcc*t5 \ (2019) to 

51^tot5 to f*a sr5TTOto 5to tom c^rt®! #wi fcwto 

tofr*f SPtto TOTC5 i 

^ ^IfSNKTO jft®5 to fof fof fafcfcfQ <?t 51 TO l Wl«TO 
C5 ^15 55 TO! *fC5 ^*55* *K®1 ^TO'Q 

faWror ^ TO I iljpra TO fo| WT 5T^ITOI5 

fTOm *rts cto stoc® *wf i torcroi C5 4§R5 fcifctera 
*TO *K5TE®5 TO 5T^Sf'®5!*5 f«F| fof N 14 CTW 5J*fTSf?T® TO 
^IC^^T^p® gfasrHt C®®F?*ZF5 C 14 C^*3CT5 5C5 I 45^ *FC«1 

(1714) ^C5TO 5?«1® fafa (Libby) 5$«F c®sfaF5 *FTfa 

*wfa>G5 (Radio Carbon Method) ?5to a^? 51 ^srto 
tofa 5f5 5?Pf ?545 ?51 *I$5 55 I - 

2015 % *t5tWf%5* *f%5 fc«,*tf% 

STCHTOto 5f*ff5 OTTO 45* 5ft ®TC5 55 ? 5ft ®TC5$ 

51 TOI ?5*(*t *T^?5 sfaroft 55 ? ^ TO $5»5 OTSRI CTO *rf&F 

C l f'Q51 ^155 55 I TO 4 5TO f*J feto *F«TO1 ^51 
C5C® ^TC5 l 



396 *BTCT«l <3 C^S* sft* 

s^T^T^rto^ ?rf»ir w* ftf^s cto dm ^ **c?r *ran *iro 
toes to i siTaTSfftjcs to to to c* stfrf ^f^Tsjfci 

STSP'IPU CTO Wr$ *5n?T §<TO $3, STTO C**(?* STOSS CTO 
C^T* f*?^ ?<t^ C^ft^ i$C* ’ijpfcft ^ITafsS I Sf'^fo STW 
f^MMI ^W aslw* C*I 'SI RTS 3CCS *fTRT I Sri?'? C*T 

sjfsR’fc^ CR^jR 3>Ca CTjfaff^p C^FS ?ZRn I ^ C5??^ C^»CZRI SISTER 

®rc?^s *TOTsrfs^ ^fcrappus stc^r wra *nf?*w cto ?R£js 

TO TOJ ftf^J CTO 4C* vf^cft SfTafsS 5?r TOT TO TO TO I 
CTO CRT* CTO C**[?TO ^f^TOR ?R*f?i?S ft 3 ? CTO *IHI*R*far 
TO C^T^f TO TO I ^SRTS sr^TSfPlta^ <rH c* * 51 * 5 * 1 * CTO 
C <TO faW 3TTO ^*W TO TO ^1 TORI ***$ RTS TO 
“TO I 

§totc? *rr?i«n qfr ft 3 ? w$, stto 4§: *r ?r?*t*$ ctots 

TO TOI (PI *TO fof fof '5T'[*TR TO CTO TO I SITOSt 
SjSTSrPfts^ R?“P fc^* ^TO 3ftf?T TO ?RER5R1 TO TO I 3$ CTO 
STOI TOT ?«r^ afRTO TO?RS TO ?RSTS 5TO TO TO! 3ITC5 I 
RRERR tipfsiTO c*fa foal (Solar Activity) TO 5* I <?ifa 
faro ^r^icfr aitsfR csfapp c*%w^ si'fs ?r^?s rc$ rtr sfe®? crstr- 

**ETO CSRTR <W 5ITO ?RE*t* RTRT3 ^ 5* \ STfT^ C*fa faTO 
SISTER SfTOPt?^ rHr S?RST3 *?RE“1* *I?3R^R WJ TO ^TT?r I 

c*?r faro *so totrt? 5 ctfw ctos cr fs afRR^R ^ str 
sister ^ cto W« siTf^s ^tot*^ (sirtrss csh$r) fos* if^? 
4W I ^?r*l a^i?S ^ft&TlI'T *\Zt ^C®14S«T ^?f®i a^fsu 

I <5^ TOWS fsi-^-CSl, ^ ^ ^TO 

TOF fe-^-CSl ( 10 9 §“CS1 ), TO I TOS 

sirorcts^ ^?*p f^| 'srwi^ *$ cto tf?rs 

^ITOT?^! ^H1 ^ I ?^| w^58 4$ ^§1$ C^C^ TO^S 

^?®rTO ^T?n sifts to toi *n i to*i ^ss?i “if® 1 ( >10 10 £-csi) 

^?«I^TS(?5I ^oSTH ^ csl^ C¥ff ( 10"“ SIT'S* ) 311 

ai?«r^ csfa* csRi ( 0*5 sir's* ) toi ?to* f^TO *s *i' 

fjpplt?? ^?TO?I STS v£)^ *^ ?pfei^R *^ fw CTO **TO «ITSI5R 



ssTsrrotess ster s csrttsT^ ssfaroifa? 397 
facsssi sro 3|jtc¥ i£i*[tes ^ates tos faro sres to tos ss 

SI I ^5S CStsSSC<?f SssSH C&fas* CTOS 2T51CS 10 14 $-C5\ STSSl 

r *1?*? rousr sfass^fais sssacss siFssi-sjprfa (Radius of 
Curvature) csfasTOS STTSfa srcmn ^ si TO* cs*ft ss i 
to ^si cto sfasn to, <s?{?to asR®s jjpfa fas* 
cro£ sjtto cw^n c*r$ i 

^s acs sroratess s?*iis fams fates ww to fscsssi 
to esc© ms i ss s*Rfa cs ssms »n£ ster fas^ to ^ to 

fa*TS TO sd&S I TO 6 ! CSCTO, CSBFJ Tjfo TOT 4SS ®RIRJ 
STTOS Sg«WTS *[?SSfa *{S S*TC5 3JTO* ^C^ SITn?©© 

STOTTS* ?tf*p CS*ffa ^5T^ CSC$ -TO3S1 CS^S I &SCSS 

^srrc®rr&» ; rT?r c^si cac? ^[sr s* 9 ^ fa¥ ^C'S ms *n i 

3TS S*F?fa STOR?©^ sf*ffS Sfl ^vQ CTO CTO fSCTS 
SSCSS S^ff CTO CS ^ Sfajf fas^ TO ms 4 TO TO S*STS TO 6 ! 

sires i csfTTtefatfTOs qfri *ro cs to 5 ?*!© s^ss as as cto 

CTO STOS SCSI S$TC a5« fac^FTS 6 ! SC$ I <£& SSCS SSRTfifa SS3- 
TOS *5^1 ^ *rc*T ( ^S '©CSS aTS *T*I m*TS ^ '©T^f afaSTS ) 
TOW? CTO 35*5 CTO fate$ 5S, STS TO faf®S aTO aSST^ 
CTOS^S SF$J<$ ate S^TOS STO^ CTO faf©ST fae* fa$te TO 
'ms i 4§;sia faFTOTO ^aTS-csr»i (Super Nova) small 
C'f'QSl $$ I ^m-CRT^l fac*^TSC e IS SSCS CS 5TCS ate fas^o ^S 
( 10 40 -10 41 ate CSCTO ) ^sTS 3!TO TOTWS *& TOTaCSS 
(Galaxy) SCSI S©SH STOTate* shr ST^^® TO?l 

(Power) TOte aT^si sts i $k c»rcw wsni afssrr®! am 
3xl0 4 ° ^ ate croc's to si^to to ^s i <nt ^im to 
^J^srrsr TO sm CS ^^ITS-CST©! fac^FTSCSS TO fas^s s fa ^TS ^ 
to sRam’ite^ sf*p asm i 

isss m cs s s fa^FT^|te s*t ^ms \5$> 

SPCS I STSTtSS CSflltes-mrffa ^SI CTO ^ STO tef^l STSSl TO 

sm i afas&Wfa ^sps^ts ctos scsi caTfa si ^rtri 
snscss ws ^is^s^tes stes ^cs "ite *>$& to i sscss sscs 



398 *RWT«l * *&R *tfR5R 

«nf^® r?*fr to %<r*i to i ss?^5rr$r $$ 

rsto fR5R«rifa ^sir^r^ Wwi fas^a to i (m&$ 

fatEIR&R (Synchrotron) RIRTR TOJ skr^'R^ fe?rc$R ^ 
?RfRR«i fRjRRWR wx <ifc vfcm rtr*it ms, c^rni R*n s$ 
fa«ffrdR-fafRRn (Synchrotron Radiation) i CST^T Rl siRJTRl 
^T# R?RTO CTO 4§R«a fafoRR fas^vs TO CRR1 RTR *71 I ifTOTR 

ritotw w« ^ faforo* src^i crstr-^rcsfr f^r4r tori rtr \ 
CRSTR-R.RR'teCRR (Radio Telescope) JfT^TC^I sfW?m 
(Crab Nebula) rtrr* RtsTtRRl CTO tfasn CR<aTR-<aR3f fasRRCRR 
otr tori rtr i RtetfRR 5 ^ 3 jto-crt*i 
B rRl ®rTC5 I *068 TO tfRl 4R fRFRRRR CRTO *1IR I 

OTT« 4R srcf?<03 ?R| fRf *t?RRaR 3R I ^TOFS* 5TOT5R1 
CTO SFahm 3R CR ^TO-CRT^l ?RPRRRCRR RRCR §SRR$RHfa 

afRR6R*ffa cto *rfc? sj^fr to i ^t&ss rtrcr 

Trfrrrr rtct fRPfs carfa w wn oTRYsrtfs'® r?rto S&ft® 
to i ws rIrri sfhntoi cro fR*fc to 
r?*it to i 

tms fTOPft <&U (Enrico Fermi) **8* RTC^R?RRT*f?siR 
RRR aRifo W $rj usjrs ^ TOR i RST*$RJ TOIW 

RRR-fR*Rft ( 6 8 3[TCTOR$ ) siTRiR^ *1ITCRR ( 2fW 

^r|C^TC®R ) CRR ?R5RR TO RC*i 5?TR1 3fTC5 I TO?R^ ^UIOTI 

CRCRR TO! C&fap CTOR «T1W TO ?R55 TrTr1 TO TOR I TO 

caifcr ^^Rfa ifi^& crcrr $*acR ri^cr crw ^cr Rnafo^ toi 

afatfTO *$ <3RR fofft *t*R? Sf^R TO I <£& RR CTOR 

toito r;rr TOrn^ i catfR^fa rs r«rr aRaR 

4RRTR TO 4^»TCR afvppf^ TO "if®' ^^R TO I *rTfoM RCR 
RTRRTR ^TCR ^5^R TO CaT^R^T «1RCTO ?R^ »|fOT 
^fRRTRt 5R I 4RTCR ^CPTOTRI CR “RRif^c *ffe ^R RRC^ 
TO CaT^R^RT 3TT?R «|ty ^sS 200 tR^-C®l TO1 SOTWR I 
«{R RSR^sS ^aTR-CRT^l fRTORR RTC®T caT^feT ^ RlHt® CTO 
«fTW I CRtR <£& ^R R^ICRJ RTOT’ff^ Rf»IfR *lfc? R^R 



snsrarofi* ?far « crtfro qdstTOTfs? 399 

(Energy Distribution) afaas TOR i afafro *ffe 
43 aT<331 to i 

20*16: <®Jt5tWl^f3fTO«Kafeft 

: $n^s 3?*p SJOT 10® ^-C51 TOTO fcfipss 

*fc? tow ^froi c*wi to m, 4 3*n m toes i *f?«Rt 3 
cs^w c^*cs3 a«rc3 43i tot ^hi ?<ic^ sea to 1 
TOa?$^ fof cro ^cro tos fTOrcfstfm ?3fea 

^5 to* aTO ^^5 ^©i tow fafamc^ tor aran 

CTO, TOR TO «TO aTO^sS ^fCWTf^ TORF W *rf*? TOW 
^fepFRtfsr I 4§TO *F?*m <§<$«& CTO TORF TOE 

?TOufa&3 fec*6 fcsa « qfcw croicfe srwtra to ^t*^5 

WH 3fTTO TO TOt«TC3 f353«! 3*3^3 I TO 431 <$Wh?F 
C3^l TO *F5^?5f Wwi-c^jt (Radiation Belt) to i 
<®jr ^snTOT^r (Van Allen) RTO ^rrwtoR fropft to$3 

TOTO «rtTO-flpira TOT3^ ca3«l TO *tfa<irc 4§?Ka 



fw 20*20 

' ®ih ^nc®R «ic«n *nfos &wm i 

TOR aRI C^3R] 4^3ia CT^SflW m 2R 
‘^ir-^ictt c3*Mt' i <s*F& cto am 3200 fofa 43t 16000 
fafa ^c*ft 4^3»a 5 ft c^sfhr r^ttr nwm cto i tor to a^m: 
caifo <3 ^crofr? c'tto arcsi to i fe$3TO c^afa to 
am 100 fer-frcsi a3s afe tow caifa croi to i 3fc33 


400 *RfSTT«l <3 TO 9&T ator 

c^**ft?r src^n a^zr t-c^i tca^&r *iw fa-t-csi caii>Hi 
C5f«n to i (20*20) to cs&ft* toj ^torqto stotto 
tofa <?fto sms i ^fa^far ^?«pfra csto *o 

few cto* *rto w c«p c^n®rr*$ a% ^rto 

(Spiral) acsi a%5*rc tot i cst? 5 ? cseftort TOretfs 

QU\ ^togfaT TO 'Sftornit (Converging) C&to CTOS 

®«rc ®rai atoto to tomcat aw atosro to i lift 
TOTOl^ cs«fo to cttto srceft tosq-cs'fots ^ ss i 

f®TOS 2WTO8 ?S*[S «WOT «fTW l $TaS- 

aC*F &3<T <3 *rto carato am 70° *$5 

fa$® i «y?«mts csrwot to cs^^as *nw ai i 

C^hjfsi 5raP5 ^sfTO^I TO $TO SS (FT ?TOi ^TOS 
^ *a£ as i f®ros ca'frfts stoT^to fc^ate ss ^ 
ass®8 Spqj ssrsrTato <tfam c^it«l tom (Secondary Effect) 
*k«\ i $ai srroraf $?f sto vmes frftraTw cs 3m fa&tcas ^¥d 
ss <ros toj fof ^rca <§*tos to ai isca fcatss to roa am i 
fa^Sa^a spiral %<im ®ri ( x = 12*8 Ma$) sitot toto 
TO caT$a « tca^tcas ^ to i tut car£a <3 tras*Sa*[?at 
m tos? to tosTO ca'frft ^ to i 

afsitf'Sats stoT^aa §^afe ^acare? ^mt c i ss sfai aai 
*r? i cats tom toi lift ca^taN fsfoswa tftoi fstasTO 
afaato ss i <£& cto* aca ss ^tfa arot «o?n fcsaa ss i 
to lift toswa src^fj ^sro srrto stoT^fa *$ cto ®na®, 
«wsi cats ftFSTs srai ig^Vtfr c^fcss 0 ^ af^^c*7?r ^r«t is?n ^loisfrr 
zfam ^ to w c5to cro ^r, ®i ^tow 
c^n sfi 1 

to cro s^m^-TO i£it to^r 6 ! m^ft'^T am to to, to 
qftsra c^fto TOm feam 

«naT®® to a^ X-5t«ff ^asr to i »ift ^am a®iw 

siTOT*toN c l TO5 *sFf®a® m CW! ^«TTa^? TO*51 $Z*\ 
TO ^1 



^rfs^C^Rtos *fT*|iaV|*i$l v © ^W^SNsffal SJTWI sURf ^ 

^G5®C?ra *TCFT sn>5 ^ fa5F53 ®ET C^W 

m3 I <?fa f?F?lT3 (Solar Activity) ‘'$Wfa CTOI3 

C3 foffa) *IU> '$T3 SFC^tG *\it&5 m3 I 

^*&T^TC*T 3133^3 TOTO53 3T31 3?T#T5 31 Sssfsra 3*C3, 

3T3 <PC®1 m*lW f^S^S 5[3 I ^ ^IMT^ 3W? C33 5 

C33 i -c®?ITf's (Aurora Borealis) i 


26 



*rfirf»rfe a-i 



(311) ^ffsw ’rar5W5!®-^jpR CT«wfw *r$ Ji^ra q i wiw i 
TO $£TO I $*lf5F$T?f TO*fW 3JTW*ffa CTOF ^ 

ctohSr *r6 w?n m i (3’29) (3 30) spBtoi ^^T?ff 

ij|fij *Ts 3£CS§[ 

§p r dr = n r h (All) 

$p $ d(}=kh (Al*2) 

WWR r \£RK p r WTO Gretas i#5$ (Radial) ^rarw 
41* W»B* ; 0 «W p6 TOIFCT ^RW « ctWw 
i n r 'G k WTO w 5 wfa (Orbital) 
c^iswUrsf wn i 


5HT^T <«i?to spjprat CTOTt 5 ®^ (Central Force) 
gun ^s*ft«T ^ito {w ^?r i 

^f^TTO ^W^SpRT 'G (?Ptf*PF p$ tH*$ 

(311 *qw 8*^1 ) I (Al*2) JpitTOI C^ *(TTO 

m 2 upe = 

Po^khfa (A1’3) 

OTtfJ r — drjdt njft Ww (Radial Velocity), toot 


dr d& an 

Pr = mr = m fflTt = mr 0 


1 _dr\ _P±dr 
r 2 d0/ r a d0 


(All) 


i£i i «nw cR'G?n 5S?rcs[ c*r ^f^sT^nr 

Wr * 5 RT^ (r) OT njRW?Rl (0) (Function) i 

Tpftroi (All) ot< c'W *irem ^ts 


<Ai® 
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p g jFRS, wsm (A 1*5) JfsfhRTC'J i£& *K*into 
*TOTTOT foc^?l 3T*tl 5OT I 


J 5HT^-sflMsW (Coordinate Geometry) sr y rc sjt 
§*1^53 CTO r 0 *5RTmE?RT 5TWI falfate *?TT? c ffe^ *P*n$ 
^fT'Q^I m i 


r - o(l-g fl ) 

1 + 8 COS 0 


(A1’6) 


(fl^TPT s ^c^sgNoi (Eccentricity) v£R< a ^55 

(Semi Major Axis) 1 (Al'6) 

$rTST?n *n$ 


dr _q (l —e 8 )e sin 0 
d0 (1 + 8 COS 0) 2 

1 dr e sin 0 

SJyr,^-rpr = 


n 


yh = />tf <£ 


r d0 ~ 1 + e cos 0 

(A15) CTO* *ireai 

_e a sin a 0 

(1+e cos 0) 

^m\ 

r=£jL s }l™M=fudv 

+ (1+8 COS 0) 2 T 

w ^n?r 


w - e sin 0, dv = 


e sin 0d0 
(1 + s cos 0) ! 


(Al*7) 


1 

du = e cos 0 d0 W ^ = ,—-n 

1 + 8 COS 0 

7fsn^9R (Integration by Parts) to 


*fT'Q?n 


7 = wt /] a,r 0 —du 



404 


*f88T«[ « *tf8S8 


_ e sin 8 T" _ f 2n £ cos 8 dQ 
l + ecos8Jo Jol + ecos0 

aw *wi«>*hTi>8 to ct cto sittoj 88T8TO-*n8*ft cto* *imi 

to i srsv^ ^susRfi ^ 



(A1'3) *f*fa8CT8 totwj ^snrsrai *it§ 

• VI^l + i=^(««) (A1'8) 

CTO^ n r & 5OT5 *$*fWl, ^T5i88 «aPRT *f8ft> 
n = n r + k *i5>rwn 5E8 i 

8fr a 48* b TOOT §*f^$8 8flf-*rare w «rf*^nw 
(Semi Minor Axis) ^£8, ^®T5£*I ^RTW-BfnW®?r *gr 
C8W 9 fT'Q^l TO 

/?=flV l — 6 a - 

^o8R ^srrron *n$ 

-=Vi^7 a = ^ (A1’9) 

an x 

C8£5$ Ko fc < n 5£8 i ^btto wraw 

C^FCff ^(,«p*kral 8 = 0^5 i$8S b = a 58 I 5T®i£]5 k = n 

58 ; ®rsfa C^T8T8I>T8 *K8JT8 $558 TO M 58 I **1^52 

tflWKS C8T8T8i>T8 *T<8TI W r = 0 58 l ®fT8I8 ^^8 

*K8J1 k 88 888 *$8*8J1 58 I 48 SJJTO8 TO k = l 5£8 I 

8*18*1 ^ = 0 5151 §OT?$PT8 C8tf*TC TO£88 P 9 ~ 0 5£8 I stfTC 

fewM&fl W88 S©«R §*1^51888 81 5C8 fa?*!* 5C8 W 

*18*1 *1881*1 ■51*^4C\5 c4*ac^8 881 f*fC8 8F5T8T^ *F8C8 I c8C5^ <8^8f*f 
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t&z fare <r k =0 s$5 ?n «w 
^?r ^R^sf sir k — \ sw i wfrt ^t?r c*ft?irSr tojr tori 

fc = l, 2, 3,.7i 

(RE ^3 n r + k = n, 5RMW fofafls C^RRIjR H's*m TORI SIR- 
n r = (n-l), (w -2),.0 

§*f^3RR **F*IOT §C*R&?R RT$ “t?^ £ 43 

£ fc v£R* F 43 *Rfa>3 5RR I ^T^oS 

£ = £ t +F=^ Z + -- - - 
& 2ra + 2mr 2 r 

4*ITR t» $.c«R&W3 ^3 43“ Ze s;u^ C3* 5 5C3R ^rr i 
(Al*4) ^ufaRcw tokrj * ! iT'Q?n m 


E = 


%mr 


wsh- 


§tor ^sft^ 6 ! (top ^rr<3?ri m 


ildrV 2mE 2 2mZ<? 2 1 

Use) = pr r + ~p? _ 1 

3JT3T3 (Al*6) *RfaR«t (TOF W31 3T3 

l + e cos e = a(1 ~ - E - 8) 

r 

43 c<w sirsi 

e 2 sin 2 0 = e 2 —e 2 cos 2 0 


2mZe ) 


•r — 1 


(Al-10) 


=8 ,_|aa z V)_ 1 p 

i r ) 

~(c 2 - D- ^d^e'^ .j ^a-e 2 ) 


s^ssr (Al*7) *Rto3«i cro* ^r<3?n 3T? 

lldry s 8 sin 2 0 
\r dQl (l + e cos 0) 2 
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♦ftlWT 


~o a (l —e 2 ) 2 


(e a -l)- 


0 2 (1 — 8*)* , 20(l-8 8 ) 


+ 


2r 


a 2 (l — s a ) a(l —e 2 ) 


-1 


(Al'll) 


(Al’10) <w (Al’ll) 

r 43 C3 c^r srr pr octor, TO43 4$ srafasw r ^ 

Wwr TO (Power) ipirw^ *ra*TO3 *RR 5W i 

TORn *n$ 


2m£ 1 

V ~ fl 2 (l fi 2 ) 


(Al’12) 


QmZe 2 2 , 

“77“ “ o(l - e 2 ~) 


(Al’13) 


(Al’12) 43S (Al*13) CTO TO31 TO 


E 

Ze 2 ~ 


2o 


spfa E=-Ze 2 /2a 

3fTTO (Al’13) JRltew CTO TOS1 TO 

a = _ Pi _ 

mZe 2 ( 1 — e 2 ) 


to*w (A1’3) w (A 19) 5rato?ro gflfa to ^rrron *n§ 
( ’.’ pB-khj^ 7T), 

4jt 2 wZe 2 k 2 4 ir a mZe 2 
2tt 2 wZV 4 


a = 


(A1’14) 





(7'6) ^ e r^i ^?iwra cto ^arfrrtj A,= h/p 4$ *gf& 

SCTTSFJ 4§ ^SUOT ?< 5%£5 2WT«I W 1 ^ ^ ^ 4 ^ 

^FfWI 'S?TC^?r spTO^f w ^BPTOJ?! *1WR I WJ 3?f ^cRf ^0$ 
^TO? f>RiTTO <&I^IM TO fa*Rftv55pft ^5^ 3TOWI SRR TOR 
C*! *fa*l ^SfMl % = h/p$$ I *Fo5lW 4§ TO^fi5 

afoTO 3R1 TO I 


(7’6) s[sp$*f «w K <*m v tow tost cto srctr 

*f«TO$l (Phase Velocity) w w (Group Velocity) w 
*um\ m *rtto 


u = v'k = \/x 


dv d / \ 
w = dr = di (uX) = U + X 


du 

dr 


4TOT t = l/A, TO5 55?r5F-^^m (Wave Number) i 

*TI S3 ^R TOR <R (?FTfeR CTO 2JFlT5fl “rf^RS E = hv 
^f«fTO CTO'S OTN ??n m \ ^TO CTT$ *fc? C®R1 


£ = 


ra 0 c‘ 


Vl-j8 s 


= Av 




v = ^ m oC 


hVl-tf 


4^ 


i v m 0 c 
u=vl= — -- --?=_, 

T /jtV1 — |3 


SfW®R TO! 4p TT'Q?n *IR 
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m c*i w 

v $s m%, *mn *n$ 


, du 

V = W = U + X 


_ _ w„c 2 3 df) 

hi Vl-p* /iTV'l-p 2 + /j(l-P a ) 8/ ‘'* 


w„c 


w 0 c 


3TWW 


v=Pc=l,t. 


m „c 2 /3 rf(3 


fMr C 

is? cro *(fejn to di=—r 


h(l-f} a ) s, ‘ di 

dp 


h (1-P 2 )*/* 

S»icair inltaw »raw»n to *ue*i to 


T= 1 _♦»»<£ 


P 


+ tRRP 


^ /i Vi-j3 ! 

^ p=0z$, «*r ^=0 53i, wr #r 

^ = oc ^ ^ibrt ^rsffoapra ik^= 0 ss i snsRn 



A-3 

etntv% ^rfffo aro* 


VHOTOT afena 
&a#?hf «fT*TR 
mrcsTtarai ’Ran 
spirarc® 

Wlf’W 

man 

SIR* H? 

’BPilsj CTO 
tSB^pf IflW 
% «9 

tosrotera fea 
®g-«fe 
carasnranfa 


c 2"997929 X 10 l ° cafe / WWW 
e 4-80288 X 10'“ esu 

N 0 6’02472 xlO" ♦rainq / an-nan^ 
F 9652’01 emu / an-n^[ 

elm,, 1*76888 X10’ emu / an 
h 6*6252 X10" a 7 qpf-CTWB 

R x 109,737-309 <n fa' 1 
m. 91085X10' 88 an 

m,c* O'Sll fa$-C®1 
H B 9'2732xlO'“ l ntf/ai'ea 


caiMpwta ssiyira - 1836 

WFifw sot $$$ M 0 1660 xlO- 21 an 
*(?nrofa* atsra iwwa 

jwspi aft? M 0 c‘ 931"162 fa-§-c®i 

OTwnn tm k 1 "38042 x 10'“ «n*f / feat C 

tea#* cnpfa an 1"60207 x 10'“ mtf 
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•rfaftfc— a-5 

Ttfl s stft# 


C*fa 

z 

A 



H 

1 

1 

99‘985 

1*008146 



2 

0*015 

2*014741 

He 

2 

3 

T3X10- 4 

3*016977 



4 

—100 

4*003879 

Li 

3 

6 

7*42 

6*017021 



7 

92*58 

7*018223 

Be 

4 

9 

100 

9*015043 

B 

5 

10 

18‘98 

10*016114 



11 

81’02 

11*01280 

C 

6 

12 

98‘892 

12*003842 



13 

1*108 

13*00750 

N 

7 

14 

99*635 

14*00755 



15 

0*365 

15*00490 

O 

8 

16 

99*759 

16*00000 



17 

0*037 

17*00453 



18 

0*204 

18*00488 

F 

9 

19 

100 

19*00444 

Ne 

10 

. 20 

90*92 

19*99877 



21 

0*257 

21*0005 



22 

8*82 

21*99838 

Na 

11 

23 

100 

23*00177 

Mg 

12 

24 

78*60 

23*99268 



25 

10*11 

24*99375 



26 

11*29 

25*99080 

A1 

13 

27 

100 

26*99001 

Si 

14 

28 

92*18 

27*98582 



29 

4*71 

28*98570 



30 

3*12 

29*98331 

P 

15 

31 

100 

30*98362 

S 

16 

32 

95*018 

31*98224 



33 

0*750 

32*98213 
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cA*[ 

Z 


«n^ (%) 




34 

4'215 

33*97873 



36 

0'017 

35*97893 

Cl 

17 

35 

75’53 

34*98006 



37 

24*47 

36*97767 

A 

18 

36 

0-337 

36*97900 



38 

' 0*063 

37*97491 



40 

996 

39*97515 

K 

19 

39 

93'08 

38*97606 



40§ 

0'012 

39*97654 



41 

6-91 

40*97490 

Ca 

20 

40 

96*97 

39*97545 

s 


42 

0‘64 

41*97216 



43 

0*145 

42*97251 



44 

2*06 

43*96924 



46 

0'0033 

• • • • 



48 

*185 

47*96778 

Sc 

21 

45 

100 

44*97010 

Ti 

22 

46 

7‘95 

45*96697 



47 

7*75 

46*96668 



48 

73-45 

47*96317 



49 

5*51 

48*96358 



50 

5*34 

49*96077 

V 

23 

50§ 

024 

49*96215 



51 

99*76 

50*96052 

Cr 

24 

50 

4*31 

49*96210 



52 

8376 

51*95693 



53 

9*55 

52*95772 



54 

2*38 

53*9563 

Mn 

25 

55 

100 

54*95581 

Fe 

26 

54 

5*48 

53*95704 



56 

91*68 

55*95272 



57 

2*17 

56*95365 



58 

0*31 

57*9520 


■ — ■ ■ ■ 

fa: fi: I § csrtsr^ I 
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Z 

A 

■atfl (%) 


Co 

27 

59 

100 

58*95182 

Ni 

28 

58 

6776 

57*95345 



60 

26*16 

59*94901 



61 

1*25 

60*94907 



62 

3*66 

,,,, 



64 

1*16 

63*94755 

Cu 

29 

63 

69*1 

62*94926 



65 

30*9 

. 64*94835 

Zn 

30 

64 

48*89 

63*94955 



66 

27*81 

65*94722 



67 

4*11 

66*94815 



68 

18*56 

67*94686 



70 

0*62 

69*94779 

Ga 

31 

69 

60*2 

68*9476 



71 

39*2 

70*9474 

Ge 

32 

70 

20*55 

69*9447 



72 

27*37 




73 

7*67 

• • • • 



74 

36*74 

73*9439 



76 

7*67 

75*9433 

As 

33 

75 

100 

74*9432 

Se 

34 

74 

0*87 

73*9439 



76 

9*02 

• • ■ * 



77 

- 7*58 




78 

23*52 

• • •• 



80 

49*82 

■ ■ ■ • 



82 

9*19 

tlM 

Br 

35 

79 

50*52 

78*94349 



81 

49*48 

80*94215 

Kr 

76 

78 

0*354 

77*9449 



80 

2*27 

79*9419 



82 

11*56 

81*9394 



83 

11*55 

82*9403 



84 

56*90 

83*9381 



86 

17*37 

85*9382 
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Z 

A 



Rb 

37 

85 

72’15 

84-9389 



87§ 

27*85 

86*9368 

Sr 

38 

84 

0*56 

• •• • 



86 

9‘86 

85*9354 



87 

702 

86*9352 



88 

8256 

87*9336 

Y 

39 

89 

100 

88*93712 

Zr 

40 

90 

51’46 




91 

1123 




92 

17‘11 




94 

17‘40 




96 

2'80 


Nb 

41 

93 

100 


Mo 

42 

92 

15'86 




94 

9‘12 

93-93522 



95 

15‘70 

• • • • 



96 

16‘50 

95-93558 



97 

9-45 

96 93693 



98 

23-75 

97*93610 



100 

9*62 

99*93829 

Tc 

. 43 

• • • • 

• • • • 


Ru 

44 

96 

5‘7 




98 

2*2 




99 

1Z8 




100 

12*7 




101 

17-0 




102 

313 




104 

18‘3 


Rh 

45 

103 

100 


Pd 

46 

102 

Q’8 




104 

9*3 

103-93655 



105 

226 

104*9384 



106 

27*2 

105*9368 



108 

26*8 

107*93801 



110 

13*5 

109-93965 
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«rr^(%) 


Ag 47 107 

109 

Cd 48 106 

108 

110 
111 
112 

113 

114 
116 

In 49 113 

115 

Sn 50 112 

114 

115 

116 

117 

118 

119 

120 
122 
124 

Sb 51 121 

123 

Te 52 120 

122 

123 

124 

125 

126 
V2& 
130 

I 53 127 

Xe 54 124 

126 


51-35 

106*9389 

48*65 

108*9393 

1*215 

105*93984 

0-875 

107*93860 

12-39 

109*93857 

1Z75 

110*93178 

24-07 

111*93885 

12'26 

112-94061 

2886 

11393997 

7*58 

115-94202 

423 

112*9401 

95‘77 

114-94040 

0'95 

Hl’9403 

0'65 

113-94109 

' C34 

114-94014 

14‘24 

115-93927 

7-57 

116-94052 

24‘01 

117*93978 

8*58 

<1894122 

'6197 

11994288 

471 

141*94249 

5'98 

123*94490 

57*25 

120*9420 

42*75 

122-9431 

0*089 

119-94288 

2*46 

121*94193 

0*87 

122*94368 

4*61 

123*94278 

6*99 

124*94460 

1871 

125*9420 

31 " 79 

127-94649 

34*49 

129*94853 

100 

126*94528 

0*096 

123*94578 

0*090 

125*94476 
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*rasrr<a * 


c*ff*r 

Z 

A 

*(R*lPt<p 

(%) 




128 

1'919 

127*94446 



129 

26‘44 

128*94528 



130 

4‘08 

129*94501 



131 

21'18 

130*94673 



132 

26*89 

131*94673 



134 

10*44 

133*94803 



136 

8*87 

135*95046 

Cs 

55 

133 

100 

132*9472 

Ba 

56 

130 

0*101 

129*9474 



132 

0*097 




134 

2*42 

133*9468 



135 

6*59 

■ • ■ ■ 



136 

7*81 

135*9488 



137 

11*32 

136*9502 



138 

71*66 

137*9498 

La 

57 

138§ 

0*089 

137*9501 



139 

99*911 

138*9495 

Ce 

58 

136 

0*193 

• ••• 



138 

0*250 

• • •• 



140 

88*48 

139*9489 



142 

11*07 

141*9537 

Pr 

59 

141 

100 

140*9514 

Nd 

60 

142 

27*13 

• ••• 



143 

12*20 




144 

23*87 

143*9560 



145 

8*30 

• • • • 



146 

17*18 

• • • • 

* 


148 

5*72 

• ••• 



150 

5*60 

149*9687 

Pm 

61 

145 

• • • ■ 


Sm 

62 

144 

3*16 

• • •• 



147§ 

15*07 




148 

11*27 

•••• 



149 

13*84 

• ••( 



150 

7*47 

• ••• 
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C^t^i 

Z 

A 

sJtjtf (%) 




152 

26'63 




154 

2253 

• • • • 

Eu 

63 

151 

4777 

.... 



153 

5223 

.... 

Gd 

64 

152 

0‘20 




154 

2*15 




155 

1473 




156 

20-47 

..,. 



157 

15‘68 




158 

2-1-87 

.... 



160 

21 '90 


Tb 

65 

159 

100 


'Dy 

66 

156 

G'0524 




158 

0'0902 




160 

2'294 

..., 



161 

18'88 




162 

25-53 




163 

24‘97 




164 

28‘18 


Ho 

67 

165 

100 


Er 

68 

162 

O'136 

.... 



164 

1*56 




166 

33*41 




167 

22'94 

• • * • 



168 

27-07 




170 

14‘88 


Tm 

69 

169 

100 

MM 

Yb 

70 

168 

0-140 

. .. , 



170 

3*03 

.... 



171 

1471 

.... 



172 

21-82 

.... 



173 

16'13 

• • • • 



174 

31-84 




176 

12‘73 


Lu 

71 

175 

97-40 

*••• 


27 
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orfa z /i *rc*rr e tf^ 

«n? (%) 




176§ 

Hf 

72 

174 

176 

177 

178 

179 

180 

Ta 

73 

181 

W 

74 

180 

182 

183 

184 
186 

Re 

75 

185 

187 

Os 

76 

184 


. 

186 



187 

188 

189 

190 
192 

Tr 

77 

191 

193 

rf 

78 

190 

192 

194 

195 

196 
198 

Au 

79 

197 

xx & 

80 

196 

198 

199 

200 


2'60 


0*18 

.... 

5*15 

175*9923 

18*39 


27'08 

177*9936 

1378 

.... 

35*44 

180'0029 

100 

181*0031 

O'135 

.... 

26'4 

182*0033 

14*4 

183*0059 

30'6 

184*0052 

28*4 

.... 

37*07 

• • • • 

62*93 



0018 
rsQ 
1'64 
13*3 
16*1 
26'4 
41'0 
38'5 
615 
0'012 
078 


32*8 

194'0256 

337 

• • • • 

25'4 

196*02744 


7'23 
100 
O'146 
10*02 
16*84 
2313 
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cM 

Z 

A 

31^1 ('33 




201 

13'22 




202 

20-80 

• • • • 



204 

6‘85 


T1 

81 

203 

29-50 




205 

70'50 


Pb 

82 

204 

1*48 

■«■ • 



200 

23"6 

20604519 



207 

22'6 

207W725 



208 

52*3 

208-04754 

Bi 

83 

209 

100 

209-05325 

Th 

00 

232§ 

100 

232-11852 

U 

IP 

_ 

234§ 

0*0052 

22112115 



2358 
«> 

0*715 

225' 12517 



238§ 

00-28 

238'13232 




A-e 


Abscissa— 

Absorber—c*fW 
Absorption Coefficient 
—CTO 8 ! 

Absorption Edge 

—c *m ^fki 

A. C—*i?Wf ( ots ) 
Accelerate—^?<Fs ^31 
Acceleration—w 
Accelerator—<??mf 
Accelerator, Linear 

—feitw 'ssto 
Accelerator, Cyclic 
Resonance—sj^Ttft 

wm 

Accuracy—stf&wi 
Activated— 

Amorphous—3fa?i\sTTO 
Amplifier—' 

Amplitude—fasra 
Angular Momentum 

Annihilation Radiation 

famsfavS fafWI 
Annulus—WTffo 
Anomalous— 

Anti Particle— 


Artificial—ffzpr 
Assumption —^str 
A symptote—^spfbm 
Atom—^sfr^ 

Atomic Number 

—*rasn*fa* wn 

Atomic Weight 

—^r<r 

Aurora Borealis 

Automatic Recorder 

Azimuth—?WT 
Azimuthal Ouantum 
Number—fwik 

CTTSH&rsi 5R*IJ1 

Band—^ 

Band Head— 

Band, Permitted 

—sfqpnfrfvs 
Band Spectrum— 

Band System— 

Band Theory— 

Band, Valence—^ rctoI *lfi> 
Beat— 

Binding Energy—“tftP 
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Binding Fraction 

—to miw 
Bombardment—^«i 
Breeder Reactor 

Bubble Chamber—?ff ? w 

Calibrate—^<tl 
Capacitor—*[T<T^ 

Capacity— 

Capillary—fof*f<F 
Central Force 

Centrifugal— 

Centripetal— 

Chain Reaction 

Charge —sirr 
C lassical— trt^t 
C leavage—T tor 
C loud Chamber—ore-w 
Co-axial— 

Coefficient—^« jt^ 
Coincidence— 
Coincidence, Anti 

Collimate— 

Collision— 

Collision Loss 

—©ff»To ^?r 
Component—$>aT\*t 
Compound—c*lto 


Compress—^<n 
Concentration 

—SR* ; ^51 
Condense— sr^ns ^ 
Conden se r—<T<r^ 
Conductivity— 

Conductor— 

Con s e r v a t i < m— 
Constellation— 
Continuous (Spectrum) 

—) 
Continuum—^* 0 ®! 
Contraction— 
Convergence Limit 

—yftsn 
Conversion Coefficient 

Convex—&5®I 
Correspondence Principle 

Cosmic Rays 

Counter— 

Counter Controlled 
—*K*nnw 

Counter, Proportional 
Crest— 

Critical Potential 

—?TO 

Cross Section—a*5^f 
Crystal—c^®fPT 
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<3 era 5 ‘JI&T *{?<M 


Crystal, Single 

—C^sTR 

Crystallization— 

Curvature— 

Cylinder—c^T 
Cylindrical— 

Data—3T?*T5iT?n ; 

Daughter Element 

—^ CSlt^T 

D. C.—Tfsiffr^ ( mw ) 
Deposit—■’fftRjre 
Detector— 

Diaphragm—s^j^i 
Diatom ic— 

Differential Equation 

D i ff e r en t i at i on— 
Diffraction— 

Diffraction Grating 

Diffraction Pattern 

—^*n 

Diffusion— 

Dilatation— 

Dimension—siren 
Dipole—f^sra 3 
Dipole Moment 

—fera 3 5TSf^ 

Discharge— 

Discrete— 

Disintegration— 


Disintegration Constant 

—■farfcr 

Dispersion—-faisp«l 
Disturbance—(5f) fawT© 
Divalent—fensfl 
Divergent— 

Eccentricity— 

Elasticity— 

Electrode— 
Electrodynamics 

Electrolysis—faesm 
Electromagnetic 

Electronegative 

Electropositive 

—\0?^ «RRRJ 
Electroscope-— 
Electrostatic—f 5 ^ 
Element— 

Ellipse—^^<5 
Ellipsoid— 

Emulsion—^5^ 
Endoergic— 

Energy— 

Energy, Binding— 
Energy, Excitation 

—tosRi 
Energy Level— 

Enriched (Isotope)— 



*I?<F5RT<I vSTfsTCH 
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Equilibrium 

— TJTSIIR^l ; fa^R 5 ^ 
Equipartition—wibf 
Equivalent—srsnpn 
Equivalence— 

Exchange Force 

—Mto m 
Exclusion Principle 

—''5(‘ !> R£R ^ 

Exoergic— 

Expansion— otr*] 
Exponential Law— ^ 
Eye piece— 

Face Centred—^ C<f-i%^ 
Fast Breeder—SSR<t> 
Fast Fission Factor 

—T<oTSR 
Filament— 

Filter—*i?<tSR^ 

Fine Structure —ufa 
Fission— 

Fission Fragment 

—fa^T5R-si{3 

Fluorescence— 

Forbidden Zone 

—fafcrar ^*b<h 
Frame of Reference 

—fatfw OT 

Frequency— 

Frequency Modulated 


Fringe—tfSRl 
F un c t ion— 

Fundamental Particle 
—CSltfeR 

Fusion —jkcttsr 

Galaxy—SRW 
Generator—§s*iTtRs 
Geomagnetic— 

Glancing Angle— 
Gradient—;t?S5iTSl 
(Ira tin g—VW r 
G ra\ it at ion— 

Ground Potential 

—-(Vfa f^'sR 

Ground State—SR 1 ^ 
Group Velocity— 
Gyromagnctic Ratio 

Half Cycle— 

Hal f Li fe— 

Half Value Thickness 

—stfsrrc «*t 
Hard Radiation 

Heavy Water—^Tcft s?«r 
Helical—sifrfa 
11 e tc r oge n e o u s —5fWt^ 

11 omogencous — 
Hydrodynamic—&f$Fst?r 
Hygroscopic— 
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*RPlT«l 'Q c**5* Pt&T *f?<M 


Hyperbola—*f<tT^5 
Hyperfine Structnre 

—'STTa ^afej 5f<5»T 

Impact Parameter 

—*rwre «it*i 

I n i purity— 

Induct ion— 

Induction Coil 

—f«®ft 

I nductor— 

Inelastic— 

Inert Gas—*J[JPT 
Inertial Frame—C^sj 
Infra Red— 

1 n su 1 a t ion— 

Insulator— 

Integration—^siT^^R 
Intensity (of light)—-^sr\5i 
Intensity (of field)— 
Interaction—fatal 
I ntcrcept— 

Interference— 

Interferometer 

Internal Conversion 

Ionization— 

Ionization Chamber 

Ionization Loss 

—^t?i^ srlta *iftsw?r 


Ionizing Agent 

Jacket— 

Kinetic Theory—sfafa ^ 

Latent Heat—*ffa 
Lattice—©?T^fa 
Law—3J5 
Leak—fas 

Leakage (of Charge) 

— , ¥?l c l 

Linear— 

Linear Oscillator 

—fafai<p 

Longitudinal— 

Luminous— 

Magnetic Flux 

—<WS<T31 
Magnetic Moment 

—csfap-sw 

Magnetic Shell—*ire 5SFP 
Magnetic Spectrograph 

—csfap ^sitow 

Magnitude—smn ; stt^T 
Major Axis—■♦raw 
Mass Defect—S 3 ^ 

Mass Energy Equivalence 
—^<t *rfa? sprapirei 
Mass Number— 
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Mass Spectrograph 

—^ ^4r«ffcrr*i 
Mass Spectrometer 

—^ ^T9ftsiT»f^ 
Mechanism—faRTfafq 
Mean Free Path 

-5[^ *(«[ 

Mean Life —^ 
Metastable— 

Minor Axis—§*rr«P 
Mobility— 

Model—-sfoam 
M oderator— 

Molecule— 

Molecular Weight 

—>515 
Moment of Inertia 

—SfvJT? 5TSf^ 

Momentum— 
Monochromatic— 
Monovalent— 

Multiple— 

Multiplication Constant 

Nebula— 

Normal State 

—3fT«lfa<F 

Nuclear Reaction 
— 

Nuclear Reactor 

—cTOPhr 


Nuclear Transformation 
—CTOF 

Nucleus—c*P3^ 

Objective—^tf^scfsjq 
Observer—fa<fh>«F 
Opacity— 

Opaque—' sre? ; 

()rbit— 

Orbital—Wht 
Order—oR ; 

()rdinate— 

Orientation— 

Origin— 

Oscillation—< f*r 
() scillator 

Oscilloscope— 

Packing Fraction 

—swim vww 
Pair Creation— 

Pair Spectrometer 

—^4rsrfNn«w 
Pairing Energy—*ptol *rf^y 
Parabola— 

Parent Element 

—CS|t«T 

Parity—5ra>5i 
Particle— 

Peak— $5} 

Penetrability— 
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Penetrating Radiation 
—vbDbC^ff 
Penta valent—‘ ! mRTsff 
Periodic— Mlf5 
Periodic Table— 

Phase—ir»n 
Phase Stability—*t*Tl 
Phase Velocity—*f*iTC<r?r 
Phenomenon— 

Photo Conductivity 

Photo Electric. 

Thoto Multiplier 
—SfTCeW 

Photo Synthesis 

—*[TC*ITC 

Photo Voltaic Cell 

—SfTC/RT^ CoVtffo C^R 
Phosphorescence— 
Physical System 

Polar Coordinates 

—'CSRFOTl ^RT\* 
Polar Molecule—3 TW<f ^ 
Polarization— 
Polarizabili t y —-vm ftsv©i 
Potential— 

Potential Barrier 
— 

Potential Well— 

Positive Glow—*rcrer* 'rife 


Positive Ray—3f*ff 
Precession—^Rtr^lR 
Primary (Radiation) 

—) 
Principal Quantum Num¬ 
ber—OT C^raiR^TR 
Principle—RvsRR ; 

P rob ab ility —^§T<nol 
P roc c s s—afe?n 
Projectile—sf«m 
Projection— 

Propagate—5<3?n ; 

7 OR 3R1 

Pulse— 

Pulse J1 eight Selector 

—^w-tor Mtfp 

Quadrant—fgaFf 

Radial— 

Radiation Belt 

—fafosro c^Rt 
Radioactive—CvsSjfajR 
Radioactivity—c^erfaFSvsi 
Radio Frequency 

—OTRT ^ K9 fi\<F 
Radius Vector— 

Range (of a particle) 

—■wfrn 

Range (of interaction) 

— 

Rare Earth—fapt 



^TfeT^l 
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Reaction—fsfen 
Recoil — afOT»*f 
Recombinat ion—^a*KOTTS?a 
Rectifier—liflspifcRW 
Rectify—<F?n 
Reduced Mass—’tfspF© ^ 
Relative Abundance 

—sjTca ^ aT0 
Remote Control—^ fa*}^ 
Repulsion— 

Residual Nucleus 

Resonance Capture 

Resonance Escape Pro¬ 
bability 

—Siwi asrcjin 
Resonant Cavity 

Rest Energy—“tte 1 
Rest Mass—^<t 
Resultant—^ 
Retardation—sptfa 
Retarding Potential 

—afero Uvi 

Rigidity— 

Ring Shaped— 
Rotation—$[T^a 
Rotation Spectrum 
—^T^ta 

Rotation Vibration Spec¬ 
trum—stre^a *«Nt 


Rotational Energy 

—*fay 

Rotational Periodic Motion 
—KFlfiSPs *1?5 

Saturated—a^SF 
Scale—su^tat 
Scattering— 

S c alt e r e r— 

Scintillation— 

Scintillator—5=re fcsarc? 
Sect)udary (Radiation) 

—cafa ( fafa* 6 ! ) 
Secular Equilibrium 

Selection Rule 

—3gr 
Self Sustained—^«*BT?5ro 
Semi Conductor 

Sensitive— 

Shear—OTIS'S 
Shell—c^a 
Shower (Cosmic Ray) 

—<ri*PT31 

Shower, Extensive Air 
—*nrchi <tf*i[*tT?n 
Simple Harmonic Motion 
—a<t*r aa^a afo 
S imul tan cit y—aa^T«fks 

Slit— 

Slope—afo 
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'Q (ft* 5^ 


Soft Radiation 

Solid Angle—sRrerc 
Space Charge— 

Space Quantization 

—*5H CTOH&RR 
S pallation—fail's?? 

Spark—^fsrcsr 
Spark Chamber 

-55? TsT^-W 

“l 

Specific Charge 

Specific Energy Loss 

—5 HI 
Specific II eat—\sm 
Specific loni/alion 

—'STT?IRST ST3 
Specific Resistance 

—cm y*wft 

Spectrograph—<rfTrffcrp*l 
Spectrometer— 
Spectroscope— 
Spectroscopic— 

Spherical—c?fToWTfbs 
Spin— 

Spiral—*r?*(5T 
Spontaneous— 
Statistics —stwirr 
S tep-up Transformer 

—ftpprsrfra 
Stopping Potential 

— 1 taro 


Straggling (of range) 

Strain —Uffe 
Strange Particle 

—*[gv5 

Strangeness—$fg\5T 
Stress—’fte-T 
Stripping Reaction 

—fafersi 
Successive (Disintegra¬ 
tion)—o^RTFS 
Supercooled— 

Super p o s i t i on—■3ranraT*i e i 
Supersaturated— 

Surface Tension 

—‘sj'&Sr 

Symmetrical— 

Synch r onou s—^ffiSRr 

Table—^fr^cfr 
Tangent— 

Target— 

Technique— 

Techn ol ogy— 
Temperature 

— &F5] ; <5TWn 
Tensile Force—^sTFol 
Tetravalen t— 

Thermal Diffusion 

Thermal Utilization Fac¬ 
tor—37^3 
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Thermionic Emission 

— ; ^T*tk 

Thermodvnamics 

•» 

—VST*( 

Thermo Nuclear Reaction 
—^Hk 

Three Dimensional 

—-fZRTfa 5 ? 

Threshold Energy 

—^RT 

Threshold Frequency 

—*[R1 *P**fT^ 

Total Quantum Number 
0 

—<^T?R$Tsr 
Trace Amount—^ c rrcifa^ 
Track—asmst 
Transformation— 

T ransient— 

Transition— 
Transmutation—3inT3<T 
T ransparent—^ 

T rans verse— 
Transuranium 

T r ivalent—?aFfT5?t 
Trough—Ns^’fTff 
Tunnel Effect—tai 
Two Dimensional— 

Ultraviolet— 


Uncertainty Principle 

Unit—'<a^ 

Universal— 

U n i ve r se— 

Unstable—5[ 5 $T?fl 

Valency— 

Velocity—c^?f 

Velocity Distribution 

— 

Velocity Selector 

—C<ffi ?^TR 

Vertical— 

Vibration— 

Virtual State 

—skew 

Viscosity—■5|i«s«i 
Viscous—^T'S 

Water Tight—spt-sracwj 
Water Boiler—sm fa 

Wave—'«?T3F 
Wave Equation 

—«?T5f 

Wave Guide— 

Wave Packet—<^5^1 
Work Function 

—k'^fFRk 

Yield— 



S 


i. ^ ffaw ffcracn ^t* *tfin^ 9 tfvt , t 

vn ftsfafa* stf-wtol *tte*1 ^tir: 


(faffi? ) 

/3-ft!*ra*l stu 
( «tf% fafafr ) 


0 10 20 35 50 65 80 95 

2160 1458 1007 609 346 212 125 71 


p-fTORN TO?t aWtffl^l 9 W5U 4# PPlfR 4'C* C»lt* JFW X 44°v 
'stffrw?! r vi i 

2. <sr$ cssif®* »|tftr<? stfaflwfai 24 ftf»i i vs jwj *tnr 4n «rwf>w 

i ®m fvfta *c* urn ? vs nw m «twfsw *\\m 1/32 ^*t 

«ltV3 ? fa*n?4 tfV 5 « *1© 5fTW*l VS T 

3. faf *tfiRti Ra' 21 "’ (r=1620 ff«mm ^t=f apw 

VH 3 25 srfefstft Un i,J ^nt 5 ! (t = 3’84 ffa ) ’tt^l qft l Ka* 96 43 
•tfvM VS f^ ? 

4. gli? ^wtcferc*!* w^nvs foi&tsra ms (ii-9) *m t m *m m 

pftpl3 C3 §1 ■sfat'l VI 1 3f? t a = 10 3, T a = l , 5 3 ^f, 

^T^U„,V5^? ( 4'84 3) 

5. Affinity. 'ISRftsPKsfsilTg « ^faf&frilfa fW&PF JfW^^ 4 it, 

4m+2 « 4m+ 3 C4«fr qsfl ^1 , lirttw n 43^ 1 4I* 9 ! W <?t ? 

Ps# C«t%3 CTO n-43 Jjtf « Jltfol siFrafa ft<3 VI I 

6. cV4 ISwfSniPl WtJ aff® 5ft5f U 238 I >KPt 0 75 S}fa Pb 9 ° 6 

’tt'snl qtn i sft 331 3tn <3 w Pb i0 ° ?? genre U‘ i8h 43 U^n ckv ^stgre 

3V VS ? 0„ = 4-5 x 10® 3V3 ) I 

7. 43* ^9 Vf3*f33* C3C3* «tf^5 attCT 2 8 X10 - 17 affa U 5 8 M 431 «W*I « gtFf 

4-8 x 10' fl ^ CJffsi t^nrf* ’tjt 1 ! ’ItH 1 W\ ? (1’38 xlOM) 

( ! >2jr# U 2 3 8 P$W? ^ a-^fn^1 f^5 ) I 

* >!< H: 

8. Po 9 * 0 « Po* 1 a cm a-^f^tu ?rf%*Tfe w W3FCT 5'3 f!r-^-(r»1 44t 

8776 ft-l-csl I 5l C*FC3 C41 fMs V?I I il/a=6‘67x 10- 94 a}t*f «1 

atv5 *tTC3 1 (l'6x 10® c*lf3r/C*ICV8,2 05 x 10® GlfulWWi) 

9. Po 910 C*fre 5-3 fsf$-CBl *!% a-^PpFt®f^ ^tCJHI • 

«RJF Ii C^F PR StSl VII ^ I i/-4U 5ft4 ^f3FR 100 9^. 

1000 flftvi, 10,000 9tt'Q J l « 40,000 4Vl*tPRl 4^^ 


§ A-3 e A-5 fifl^ VII 
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fatf* I il/o = 6 67X lO- a+ £ff? « €a — 9'6 X 10 -1 ° CSU <f?1 C^ICnS *ffn I 

(3-33 x 10 s <?[fa , 333 c?fa, 33-3 nfa, 8‘3 c?fa ) 

10. ^3f a-®^ C 5 lc^ 10 C3=rf=T 2 fafa ?Jfafa 

csfrifa ^ ^ i Ig^prcr c®sf^v$l qfa 

5 fafaj-<p?f ^5, ^SftStT? <S*fa <F5 ’ifasffa ®rf<R 5R1 ^C? ? 

^Tfafa 9-6 x 10' 1 ° csu «nrl cm* *ffr3 I (6 39 xio ' ( \«[ ) 

11. (8)jf»prf^j sm sffarami ?j?sfa I^ > a,,, ^ iv i * n? 0 -fa-#4 *t% 

fafa ^ I ^ 5l C^QI <2tfi<q?f-fe C*3T* <5$3 C?if 'Q fa=fa ?H\ 

3s*9 C*JR3 C?tl> fa^lfa ‘ffa 1 ? 'SN a-^fa<Fl >g <p^5 gff «Rfa£ C$3?^ 'Ifa ? 

12. Ra * 1 " 4* a-fa^&W ¥m ?? Rn’ -■ 4? *t?Rt‘tfa^ $C*§ 222'08690 amu I 

sfa a-fa?lfa “tfe Oa = 4 "86 3 fa-t C«1 M (Ho ') = 4 003874 amn $9, 

Ra' 11 " m ’t^fafa 5 ? «3 T3? I amn = 93T2 fa-| C«1 C?re ^TC^f I 
(226-095997 amn) 

13. 6 0 fa-£-C»j “tfe? a-?>fa<F| ^i<pf5 'If?!? {.'/-= 80) c^*?^ C’R 3 ? 120° 
C^tC*! fafaf'Q I C^pif^ C»[C^ o.-#Wfifa JJT*3S[ ^ fa*f ? (4'14 X 10" 15 CJffa) 

14. <2fafa 4Rf C9 fafifa *|R? (Ha) facffa^ C*W* flc* 

r/ lrt = 2/^/Ha C<(*f! *fC5 ^faCl> *1 I 

(?°fars: 12-16 « 1218 jj^rh ^ i fa^ra ‘tfa ?j?*f? 

?-c?f3 ■sfafi -<r 1 c?t3 1) 

15. ?fa nfafa *ftRT«tfa* ®T3 3fa 197 «1 *«, ^5faC*1 1-0x10*' C>ffa 

««( Cfffat^ ’ffrs 5ffa5 C’Wre ^'Qfa C^r?¥ 5 ffC^ ? Cilfafa ^=19-3 

fitfa/CTfa 1 I (5-9 xlO 1 ') 

16. fasfafas a-^fws mi fa o^i 5ff^?ic^t m~s\ 

fa-^-C5l 1 S&I& fa<9 ^ ° Mg* 4 , Ca 4U , C'u ja , Ag 107 , 1 IS1 , An 107 

Th a “ a 1 (12-31) m^f^IJ fa <9 W 1 r„ = l'5x 10 - 1 * 

cJifa inti cmi5 1 

:’,{ * * 

17. cTFfa c°i:^ fa:^ ^55^1 117 fa-r-csl 1 

^cnfaR^fat? ^?fff cw fa<w w$ 1 JHR54 ^ifasi sfcufa fa^^s m 
^ W ? ^fC’tfaR^fatOT Jf’xPI c*tc?f^ 'sprfafs ^ ^ 1 ( 

fapi 0-51 fa-|-c®1 *1*1 *ttra 1 (0 95; 214c) 

18. 1. 2, 5 4?* 10 fa4c»1 ’tfawfe iS-^fa^l, csftifa <s 

«m:nfw^fat? wt#f fair'®nra fa<9 i 

fiRf O'5 fa-|-C^1 W 1 C2ft^4 « a-^far^1 ^Z^'Pl ^9Fl ^ 9 ft5 : ^ 1836 <S 
7344 a*) ®rff 1 <sfp§ tf^afao dnt^ 5 5^ cftaf ■srfffa fan? 

wfa? c^?? 
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'S <3^ Slfo -site 

19. ^5^5 « a-^r^t? *iri 9 ifsR^m? 935151 «rre m 4t?5 ft5 ®nre 
foe*! ^ps ^CT, 4W5 ’tftwfi? « C5*t 5*s ^85i art5t®R ? 

20. 49f5 C5fa^ 5 c fr4ftm 5ar l fir-§-c®i ^snft? Jf* 5 ^ §e*t5;£e 55 35l*trt5 
53R.HJt5t*f 10 (Tift 9Fs 9C9 8158 s Cb)^ C93 9^5 9851 «tE5T5R ? -^S 1 Cpft|9 C9SI 
500 ?tt«*i 9W tcTOtroftra 35*1 *it55 53^1-511515 3*5 93 ? 

21. 49$ dfaW 3 e fftfal*t9 3C3 10 3 9Tt«3I C&fa9 CTO ^PwSwj 
awwm 32F5l-3Jl3l3 4-8 <7ifa I ^1^8% ’tfts’tfe 9$ ? 

22. Ni 64 (Z = 28), Cu® 1 (Z-29)« Zn"‘ (Z = 30)9ftC3ll$1 9 t©ftT3 

®5 9C^ 3513^ 63 94813, 63-94994 43° 63 94932 amu I 4CW3 3C3I C3 ! ftfi> p- 
f93Tft s fo>l 43°x Plfo 9T 33t e l3 /*-f33T?3 ( 9<l3 /S', 0+ 3l ii.C ) 93 ? f%t%5( CTO Q 
ft<3 3*5 I 

23. Li 7 (Z-3) « Be 7 (Z=4) 9l9CTltkl , 1 #5 *l53l c tf39 85 9^ 3313C3 

7-018232 43° 7-019160 amu | 4W5 3C3J C9l3fr |3-f55^8l C#5 #T p- 
f331?3 95 ? Q ft<3 3^5 I ( 0-864 f3r-|c@1) 

24. 49$ ft§f3 0-782 ft-|-cs1 ^5 p~ 5 t f®t 5 9l faoY3 9C5 

Twfcs 95 I tcsroiFnr f?5«3 0-000548 amu « ft$tt33 «5 1 '008986 amu 9*3 H 1 
43° cart^nr ®9 ftlfa 95 1 (M n = 1*008146 amu ; M p =* 1-007598 amu ) 

* * He 

25. ^915 3C5J C9t3 §33 C3C9 r5ftra fltfl nft^r-13FC5 95fal3 C33 v IT'33l 
5t5 11’2 att^/CTfsT 1 I 4§ 7-5ftra ®5 C*1t^ c 1 'S'tl^F 3*5 ? ^315 335 p = 11 35 
atl5/<7Tfa 3 9c*i Shf r’aftnr taftw crt5*i vttw 3*5 ? 

26. Sc 44 faros r5ftr 3*? 9 srjtfftl3 C3t9 §f®§5 49 ft CFfa9 

3 e fl^faN3 s 33 5t5l f5B?f5 e l ^ //r = 3230 5tCT 45^5 CTTt^Bl 9 tt«5l 

515 1 5f5 *tTt|65tW5 K-tt5T9t5»fBr5 553-^ 0'078 f5-|-C«1 95, ^C5r5ftf5 , lf% ! 
^v5 f5-|- C®1 ? 45 >559^^ 51 955 ? 

27. (14-5) jtfl95Pt9 9t9tC5I C55t« C5 f2F5t5 5t5l |W4>|(7r5 

JlrttBB "tf^ 5 95 £,=/»-/( 1 + >m„c*/2/iO | 5ft hvp>in 0 c* 95 ^St9^ ' 2 ^1 c l 95 C5 
£,^(/w-0‘25)f5f-t-C®1 I 

28. Na 44 (Z = ll )c5C9 14 f5-^-C®1 45° f91 CTO 412 fsf-^-C9l ^55 

Ife 5"^ /s-5f9 t5S99 95 I ^tft$1 45 C5C9 1*38 ft-|-C«1 45° 212 ft-|-C«1 
»Tfe 5"55 7-5ftl C?5i 5t5 I Na 14 45 Wf5J 9595 ftai^ftl (Decay 
Scheme) ^19 I 

29. Th a9s (Z = 90) C5C9 5338 f5-^-C®1 45°v 5’423 ftf-|-C®1 *tft? 5Tt5 ^ 

o-5ftn 45° 0 0843 ft-^-Cel *1% 4^t 7'5ftl 95 I Th ,,B 45 5^t5J 

9595 ftai^ 9 ! I 
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30. 49$ ^t«ffar 49t M (a?,m) 99 Jr*ft «Rf99 '8Tf99C9 V CBtC*1? 

TFf%v5 TOT U ’TTTO CB^SP? C*R 9T9l ftjjFS TO1 59 I 9ft *tf95I$5 TOWCTO 9FS1 

59 R <Rft ^T5c*ifircft to C9 Mr =4-826 x 10- 5 ii’R' i 
9ft y = 900 reftS; / / = 1300 iff«»l« R - 33-8 CJfft 59 , -31531 3/ 93 ? 

31. o ic inri fttftftre TO^ftfro 49C9 c ia ^crrfcStrTO *t 9 *rftft 9 
*5 12 0038065 antu *rf«9l 9t9 I ( 12 49 *ft9ftft9 -gq 12-000000 «f91ft O'" 49 
*f99t*tf99 TO 93 5C9 ? (15 994926) 

32. C 19 9t9l ft«ftft3 *t‘99ftft9 3C99I 49C9 ftlftfTO ^i£CTttfcH®f»Rf 

TO^ftfTO TO ft<f9 99 ! «\ 1I‘, IT 2 , lie 4 , P 31 , (\) fi % As 7 ", l l,7 t An* 1 ' 7 , 
Pa’ 21 49‘ U 2 3 ‘ I (24) jp*[frar « (161') *|9^C3 £f*r§ 9lf*r4ftl1 9J95t9 59 I 
33. ^Rts 1 C ia -TO ’BUtrstW?! 9r9Tl 'S 1 am.estf jpj^ < 39 *^ ft-^-C3l 
49C5 ft<9 TO I 


34. 49 $ croftcro to 9#?icto 9ra m-fttfftcTO mm A' = l5o 

49^ £5^9 c^3I II , -4000 sffTO £fC9t’t TO1 59 ( 16-20 TOtTO c l 3&9J ) I 
49 C9C9 ftsft $W9fc^9 Rftft 99t9T5 5f ; R *|C9 // = 9<)00 1ftw 

(PSfCtU ftgJ3 TOl 59 I A — 36, 38 « 40 TORPID JPM9 frojS Tt$t 

^T^RlCCM*! ^tCS I C’FtcfrfSfttTO C??cfc 4$ ft# Rt5‘IRtC&[H9 TO-C99t«fa9 
•« > it9"9f95 tj95 ft<9 TO I C9S1*ftfft9 C*tC9 ft’te «ft9C49 C99 93 59 ? ^ R9®ft9 
*t99t*tft9 TO {a nut 49C9 ) 4CTO TOft(9Jt9 TOft 991 C9C3*ltC9 I 
( 1 73ftft , P73 ftft , 3-75 x 10" C7|ft,'<RC9'Q ) 


35- 49$ CF*#tC99 TO 9#fftPl9 9C9 ft ft 9 «T9t9 49 499 9ftft JP*?* 
*HftT9 ^99 r-1000 CSftgftTO 9191 9f93 5C9 /f-15 CRft 9Jt9t*f 
R*fpt^t9 'HR TO £ I 9C9 *83159 CStCTO C9WftT5 59 I ^ TO 0+, CO + sy, 
CO ,+ 'Sir95('S;ftlU¥ TOf9 9?9[ 4}C9M)9 CFft^F C*3r®ftl9 9ft ft<9 TO I 

( 1214-4 Sit'S 7 !, 1606 stm, 2013 8 stfc- 7 ! ) 

36. 9ft 49f5 C^tf^CTO ft r 9995 ®ft9 4^15 R 9ftt«f ^9 Jft5f 

'SIftTO 9Jt'g TO9 s ttr5, ^t5C5T *Rft TO C9 CStftCTO CHS C9t<5 r 1J9C5 ft9-^f®< 


ftTO 59 0 = 


3 c (R* 

RA 2 


6 


) 


37. (36) Tp^rtrc? ^faftns cntsirro 9w; 9f? «rt5 49-t c^ftrcro Rt9ft 45 ^ ®tc9 

9TW 9tr5 95t5C5I 'Sftt'l TO C9 firShl C^ffCftt? *1% 59 V ,, - 6tR/5R I 

38. ' (37) 3F*fttTO TOtTO C919F ^9ft TO C9 9ft 45f? R 9Jftf< 9*^9 CTOTCTO 
3R91 ^ 9r'U5 C«ft§9 91C5 ^15^ C5W5|&9 C9lt “tft 5 59 

F C = 3Z (Z -l)f 2 /5/?^3ZV*/5r 0 ,4*' 8 

^*9C99 JfttTOft9 9T5IC9J (16 32) JtltTOCTO -9-9CTO 9ft ft<9 TO I 

r o = P42xl0- ls <ftft 991 C9175 ^tC9 I 


39. (16-32) TOft9C‘f9 4ftft TO C9 .4*4T95 5^ ^-49 ^CSf M 

^fft^CTO CSftffeas < *rf9fSt5t9 59 I ^ft^CTO ft?TTO ft*?C^ Z 995 59 ? ftC9ft A 
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*RPn«l 'Q ^ 

artorttw* c*pj «tf® faftfg 4*15 *fap «tf«s1 4ts i c®ff$ A atfPil- 

4ft44 c*C4 atf^ as-Jmirt* $$ «ifqp *tt«4l 4t4 i 44 *t*1 *t ? 

40. b* 1 * C ii , c ,s « N i \ N 1 * « O” <sr^ -srrej* cartel attorfttifa 
C*3T*E* C*af*’ (Mirror Nuclei) 4*Ti ^ | fitter* cafiSfa ftfasi ^ 

C4 ?T A = 2Z +1 « foffaffa <4 = 2Z -1 *4, 44'x fs^fojihf CSttfo« JTC4J1 
swfa ft* ?4 i «rfofp c*w*e1*4 srcqj fvftnft »it«rfyt*: js + fa#* 
*C4 awdfra i cwafa’Ffjt*^ *4 *3*1 «(38) wtm *t?tc4r 

Sfttt *5 ct p + f**ft*f *if^ *s 

0 * “ ° ‘^1 1) - (Afn - itf h) - 2hi« 

C4t^> (16-14) 5Wt® C4C* o, = 3e a /5>- 0 *11*41 4f4, *T344 fc*tC44 **T** 
c*ic^ r 0 1 fe*fC44 ^fft^tefars o*?4 Wapw 0-08, 1-22 « 167 

fit I-c«1 I Q* 44! (.4 - 1)1 A 1 »» 44 £0Wf5H «K<R *C4 r 0 fa<4 4R ! 


41. m^ESFtlrl 4f4l *fa* 7 3 fa4-<*1 a-4fft*f4 Jff^tPI A1 ,T (a, />) Si 30 faftfUl 

*C4 a-SPS* JTfC^C^ 0° C*lCl f^S 3 ?^ “tfe *tt«4l 4f3 

9-34 fii-|-c®1 I faf*4T4 Q f=tf4 *3 I ( : 1712 *#1*4*1 4J4^t4 *4 , faf«4 

*t?Rt*tfa* 'SCR *|fw3 R-*PIJl 4J4*t4 *4)1 ( 2 19 fa-$-C5l) 

42. farafafa* c*sr* f*f3pat* *tft*4*t*f*F5 T* *j<*4: 

f fC (-, /-) Li 7 ; Li 7 (a, —) B 11 ; C‘* (/>, «)- ; F 18 (ti, y)- ; Mg 43 (rf, 
—) Al 44 ; — (a, n) P 8C ; Ni’ ° (a, />«) — ; — (/•, 2n) Zn-* , Rh lOS ( —, 7) 
Rli 1 ° 1 ; Ag 107 (a, — ) In ,OH 1 

43. fats 5fl» C*3* faf3F4l « Q *K*IJ1 CW4l *ttl: 

1 H* + ,H 9 — I H s + 1 H l ( Q = 4 032 fa-|-cs1 ) 

,H‘ i + l H*-» a Hc* + 0 »t 1 (0 - 3-269 fSj-i-cel) 

H- C*?TC*4 « f4l|c44 f44^4 StC4 R l 1 H*->. i Hc* + f 4”(Q«0 019 

fV?-C«1 ) i 0 ,,1 “ 4 iH i +P~ I 

^C4 aura O Wt«fN 4t4 C4C* f4^|C44 ,3' f44^4 “tfe f4<4 *41( 0 783 

44. C*T4 it, «) f4f*4t4 ^ ^ f44^5? R, aRfl *4 C4 S* 

ftfawrt C*C3J 

(J (/>, »)= -(Af,,-M H -2;H,)-O i8 + 

^ *’ s Pto§C**t4 *|R«1 *C4 ft4|ft* 54, 

<2^1*1 *4 C4 


Q (/>. «)= -(il/„-Af H )-Q £c 
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45. Li (p, n) Be', B“ (p, n) C“ 41? O l> (/>, ti) F ,s 4$ folfe flflltl 78 
cifasfai fsmt%f^F5 ftiS? w : 

EC 

«Be 7 -- »Li T ( Q - 0 864 fa-|-C51) 

.C*‘- > # B ll + ^ + ( Q^+aO'98 f?-§-C$1 ) 

p t «*- M O lB + /3 + ( Q fi * = 0 65fsr-t-C®1) 

ft fill W6i Q ftrt? h i 4«fa ifa-aitft ?i ifa-itit fifisii ? ■iftmfft to 

4W1 7&H "ffe HI ( -1-644 J - 2*78, -2 45 f?-$-c«1) 

46. (w, p) fafaputf cifa m jitoi s~ ?? i *ron h c? Inf ftftnr? 

CTO Q (». t) -(M.-Mn)-Qp- n l 

47. N l4 («, p) C‘ \ 0‘- (it,/*) N*«, XV* (», /») Nc J * 41? A1 J7 («, />) Mg*' 
4 $ itift ftfipifi cat 7g cifasftre /*-ft?i>? ife** utarc? 0*155 ,10 3,4-21 
41? 2*64 f?-§-C®1 I ftf3F5l Btlftl (_M?1I1 ftfa h i 4«ftl ife-afjft =11 -rfe- 
Ifft ftfHl? *lfe-3tTft TO 4flfi TOl-lfff ft<5 H I (0*625. -‘>52, -3*43, 
-1*86 fl-J> CS 1) 

48. c*T? 41 *f#lltf O'" (rf, a) N 1 * ftfHl W9 /i.,= 1*510 

•tfl 1"!? CTOil? lJl?h[Hl?ll WfH ItFlElOO* CltttfltH 

a-ifw»ftnr *fTnr*t to *irs?i in 24 = 3-427 fi-^-rei 1 fifHti 0- 

yfr<ni fill m (3 1 12 fi-?-csi) 

49. (48) l«*n*Rr ftfafltl WlaRllfft C<f^f 'S lf*tlf«f«l? «« $1 q*f|3fCT 

16*00000, 2*014736, 4*003874 41? 14*007518 a nut I ^ ltf*W«Tl <?(£* 
flfsrltl 0 H 41? (48) art's l?Ctf ^411 H I 

50. fuftrfan cibt ci^Hftr #1 i) fif^g fro hi m ? 

h O‘ b *, j jXa*" *, M Mg“* 

(|?fro ° *tftftrcs afifjg ^r#r cisHftn itftnl cw ) 

51 41 & JfftoPttl cltl W 6 ft-l-rel “tfs* ^ ifll 18 

ftf*ia|ti/cifi 2 ci»l 41 ? 1 cif? 2 afipre? ’TO v?m? TOd 5 fjrfsft irs 

Hi ?1, Itl TO Cit^ s (p, n) Zn 8S ftfafllU Wtll 38 fafafc »P»BI Zn*' 3 

I if? caftti ift-«WTO it? ?1 60 iftcaFl-utiPim 41? fifawl a^CTi? 
0*093 it^, V511C51 flFafn ^rcn Hllftl *tt? IHftlZn** CTO? 

?C1 41? 4W1 fil^l Hi ’ft fCl ? (1*18X 10‘ 3 , 3-59 x 10") (fcfTO: lft¥?1 17'23 

ininr h ) 

if- * # 

52. 4ll& £1CH CTOCW 1IW< 100 cifl 41? H «= 15,000 It'S! 

?1, v5t?C®! 4? Itll ift^ lC^tB5 “tfS 5 HU? «(ftl c^caj 

^TCltlftl CHtl HTtf H15 ? 
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c^ssrar vntw *(*tfaaf®® caca aft 4 $ aftcmtcaa atatcaj c«rr^s^ afa® toc® 

$*, ®ftC?I dftfMft dh* <7*® TO ?Ca 1 

53. 47 ft &*itr* car* 2 aftcsMtafttara a-^froi tot* nrsai 

ala 1 «tf® cacara a 5 ®®^ a--*f*m tofpw* §aca *ifttf®® *ca ? «rw a-asfroi 
TOT? 4® $jat C®$rf3£a®ta 5 ! 3 I'^U ? 

54. 4 ??# afttlca acffa? CFfaa? C^ai 5000 ■5tt'Q>T, TOttPF 50 tfffe <7TCaFC® *9 051- 

aft aitattf 80 prfa. ^ 1 qwmtu sita^ca §crota®fti ac® to aft 5 «r<N 

^Ca ? atfftB *fft TO ** ? ^taft* C^a* C*F3J »p «T5{1 cac® nfCa I ( §?fa® : 
ofa* C^FTOtal afaa^CTO ’f® *ta fMa 4TO a$ «ltfti #5t^ ftfa TO I) 

55. «Wt*l TO Ca 4a# aftc?Pttcaa acaj C^Ffa ^Taa n a?ar* ata ®i-TO«ffa *tta 
aata to ca a^pica <8rta3a aro ®ra arrattf r*nfi?n 

56. c^pfsr aftoFttca ca®ta a^tt* fa®caa fa®ta aft 5 x 10 4 cro^ 91 ®t*pi 
acftre aft <a^a toc® ^taasftica* as®ata ®l-ajaata *tta ?c® *a ? aftcstla 
jjacro caa'acaa ajtata 100 cafa 'Q // = 1-2 x 10 1 atro aal cac® *ftca 1 

57. c*ta aftoFfia 5>acro caaacaa ajtata 150cafa ^ ;/=i-4x 10 4 at«ai 
to atal afa® c«rti>a, ®acai>a « a-^fftta ^tc^ftrotata sift® «t®rol to 
” ffaa3a fafa to i 

58. 4 # ftscafl-aftanta p lea 5 400 fa-§-c®i csttfca TOwl ata 1 to ca®ta 
tottw fa®caa to *tfaat*i totoi *tfaa^a srcatro sa ? 

# * * 

59. aft ^fft# u** 6 ca^ar*frotTO a^pr 200 fa-$-ost «tft fas’?® ?a, ®r^ 1 
TOft to®1 ^TO toc® «rf® cTTc^ra ^®®f^ fa'stro ^3ai ^rst^ ? 1 5}t^ 
U aSii fa®f^® Prt^TO^Ilfe ^TO^l ? (313 x 10 l °, 82x 10 1 °) 

60. am u s s0 fa®t^cro ^A=% >S 138 TO-^«1J1 JPTO $ fa®t^l-^3 
« ^f? is^TO an 1 f^fro ca 1 ^ 9 f^cro to aft atrafca 235-1175, 95-9385, 
137 9487 « 1-00898 om« ®t?C^ TO 9 tff5ft e 1 “ife ftSTO ?* ? ( 206 ft-^-os1) 

61. 4^®t% TOafllTO TO®1 &TORCTOTO (Capacity)^ 
60,000 f^PTl-TOft I aft ^TO ®tn*TfTO 20% h^lfTOF “ffet® TOt^ft® W 4a? 
«rf® fwr^ca 200 fa-^-csi *if# ^to p ®^ to *tftret*i u* * 9 ajft® *a ? 
aft faftfacro acai «ttffts* ^cafaata ajaTO aa, ®t?c^ a^aca caft to ^tfaata 
Ikaftata ^tcatro aa ? artffro' ^caftatca u a 3 8 to «ft^t o-7% i (115 f^l- 
atta'; 16-1 caS^^a) 

62 . toI? fafrocro acaj >^f®tf care soTOttaaTO 1068 
^laai faftpacro’ifaa^jmTO ? (W5) 
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63. stfesipw tow cro c*h 5$s *31 m sn ^ftrofira ^ ^t% 

*tfo WlFCT 1 §-C5l, 10 $-CBl, 10 s §-C$1 33 ? 

10 K f&fr <&7\ $3*519 PFft Ttt9Jt3 ^ffatsfa? TO 3t% <*? <R> w 7 

* * >!> 

o4. cbH^ cto (o-5 m t«j() « Pitmcsfa *cto (in-' -nrw) 

io u , io i * * lO 1 " |-esi ife to* carfare 3i ftttfftfi ^3 i 

65. pjftwro 1*2 x io 1 ' c^fsf « csft* or io-* iftm ^ pforaro? 
TO Jf^t55 WS *1% >ns CSitfo 3TTO *tft5 ? ( 3-0 xlO li t-C5]) 

66 sfjt^ftrcFnt *tfB!l*i *itft<Ft3 nffaw to ?t?i ?ftt? aft *tn 

33t? TO 4# tf'fTO ®3C33 63 ft-§-cs1 \c CTO TO fTO 22-8 ft-$-C3l/f 39 I 
csft^ PR 15000 iff** TO *f*fttfi>3 43*WPJ3 33*31 TOft *|f99^I ?3 39 ? 

67. 4# ft? T-flJlW ft3»pf? TO 5**13 ft$3Pr? ^3*1% ^ I 7 t « p 

43 ft? 3?*!% 93tTO 140 $ 105 7 ft §-c$| ??1 3t3 I 

68. 4*5 % ft5?Pl? f??$PI? TO 5**13 §Pwj|P19 ?rftG5 itftrtff ftf? <F? ! 

60. 4^fl> 4»J 0 r a ^ np ra *lf#l 4# ft? §PI*5rPTJ TO TO3 TO 

TO I TO $ ftTO «rfsT5 rWffo *tft|pl? TO3^ ftpf? 3tC*tPF JRft PFtPl 
(0) ft”*73 33 1 S3C33 « “tfo TO’F'I ?? TOft TO C’pft? $$ *1% « 0 ftfa 
*3 I 


ST&TE csntrau lASRABY 

v;c - T BE-'^AiJ 


, a n 


UTTA 



( ^ ) 


253, 255, 257 
’TO'ft fwq 92, 94 

3PJT^ 'S TO *f#W 92 
*®<s!m 99 

*fft 338 

TOtt 120,153,154,339 
%1 308 

^RtTIT, 133, 341, 343 
'si’fOT 343 
343 

^*W?t ^Tl 99 
261 

TOR^f 

^T^- ,at W 305 
*f(5 299 

RtfR ^ 304, 309, 
nf5 'm 299 
*|R 298, 299 

nR ¥ 298 
*ffi *fTO*f 299 
W 302 

c*TC 144, 262 
TOfWI, fofar 285 

*1TOT 286 


'TOR^aKtff, ftfefol? 266, 

270 

RAH? C3R 266, 270, 271 
RlPft 279 

OT-TOffi ^ 289 
TO ss<r *fR^ 290 
294 

*r9Wi 273 

WW *!^ c l 282, 285 
(TltOT^ 277, 278 
ww 287 ’ 

296 

*\T4 25 

TOI^C^Tft^ TOtt 110 
TOT^tf^a <?m 131 ' 

4 

TOt^fV® farci 101 
no, ii3 
^tR^mr 101 
fttfTfa R^4 106 
^mtR^ i3i 

RRmot *RWi 105 

c*Rtt&r nfWi 102 

^1 ^p|T^ 109,112 
^faTFK^T'lffa C*fa 134 

^*rm, TOm m\ 14 

*ifN 16 
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^ 172 
3, 4 

^ 97 

■*f% 70 

'<%'* 306 
*$**trr: f®* 5 

';^ s 263 
sf^>7 s ’ 241 

202 

tr-^f .i 235, 240, 245 

68 

^ 271 

^npr^'ra 8i 

5 ^ 88 

^85,402 (II) 

^Ti^^PsT 167 
169 

f*m*r 198 
c^rt^ fin 179 
pi 177 

ifc*rc f^«r 195 

212, 213, 230 
■fj 3T®1 172, 173 
^3 183 

ft«<fi$si 176 


3ft, 

ft31 4 ; '5i 4 tt‘^ 192 
n4 230 

228 

'<'1t*rm'1 181 

*ZX ‘8 - 183 
'pt-^13 *rflPi i (, f> 

'S c ft^ 192 
M*aJ 171 

181 

-"P-V.- 203 
ZVi r >\ yvlw, 200 
rHP >B:;w. 4 Pj *; 5* 232 

'<OKP< *ftf? ; n 20o 
-.Is^J'sl l68, 171 
•.POftP ^ 184 

179, 18 -), 182, 183 
r.-rfP«i 'Q 4 lTs^ 187 
-< c fr^1 191 
r.PPP! >,U\ 190 

TOM MM 4 i 24 
^ 258 

(TOP PM, 433* CTO 215 
NaCl mb KC1 219 
pil^ 213 

TO : f3 ft* 215, 222 
ftTO *253 215, 216, 217 
<TOM pfa ft 4 ^, 215, 219 
feu 227 
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C^R *tR fspfa, 

K cm R *i^1% 225 
3JN *Rf^> 206, 219, 225 
*Tt'SBT *mf% 203, 224 
ss'fc wR 228 
CTOR^R apfB 150 
^RpRl 262 

C^mRtfR*R 61, 81, 85 
CffiRGR WJI, 62 
^RlR 303 

85, 136, 143 
<Rf^ 85, 136 
143 

cfR?M 37, 133, 154, 156 
<2f'«R 86, 136 
Rti? 145, 183 
"•TO 307 
*nroi*R RRr 147 
Zw$ 150 

147, 150, 152 
cwn Rsw 129 

(RRR, tc®r^F#^r 154, 155 

if^RT 342, 344 
-n^r 343 

wrore 24 

255 

<45^345 

\<-dR^ 139 


I'H, 142, 143, 144 

#RR fel, 142 

136, 142 

'3fwr 56 

Ir^r^r 343 

77 , 78 
^ 146 

^Ts cnffet 735 329 

-^R'SSi 65 
65 

114 ,116 
^wr firsts 116 
RRR8R ^ 112, 118, 
121, 122, 129 
<2 \uw i3i 
fof&H *ifiw! 122 
*iftoi 114 

*f*iRR 83 
iffiSl <RRR3 44 
® 3R ^ 284, 407 (II) 

*cr^ ^RT 329, 330 

nt^fRRRRR^ ^ 330 
sfT^sr NSfsvnraTTf^^l 326, 332 
^ttfRR-SRR 328 
^ 329 





71 

fttTR ^ 90, 91, 140,149,183 
ftfaF 338 

*T«r!T<fa 9*f 234 
*fa!? 153, 159, 410 (II) 

*fR«f\S \»9 76, 307 
*ftoto cm 133 

*rto#r nfi> 341 

“TfFlW ^ 21 
2RP^ ^IK5F 307 
«fto*l 99 

93 

W 99 

^'^nr^-T 123,330 

C^pfsr »ff^ 331, 335 
^ 120, 333 

9 fr*ft « *tf$ 73 

9 Wfcw* 87 

csfll, 65, 66, 68, 72 
^mnto f^torsra 74 
*r?m?r 149 
to^r 119 
Pr»9 130 

1 % car^r 164 

«£H CTW 24 

C9T9 139, 147 

c^tr^nar ^rapitJf 59, 61 
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9T^§Tt*R 9‘fT^fa 62 
C^TOT ^T^SJ ^9 79 
177 

c<to?r 142, 147 

TfTOpflSafwr 57 
■5T‘H to 313 

^9 318 

tIH-1 313 
J HT3‘4 ^9 317 

^rY, to .99 315 

Rrs^N iR9 56, 77 
; ^9 72 

artfa 'sraTO*R m HO 

"t to *rfB 338 

"ti>i% tol 128 
cattf^^T9 *ifto c ! 259 

fto 68 

*i*apfl < 7 #& C^ffa 163, 164 

w9t#t nfB 339 
*Rt3=r ^#9 mr4 196 
^■>8 iffa iR9* 89 
m 9R 136, 137 

^tft ^Wf61, 62 

T»l*rc*t cvm 20,23 

3^\ to 346 

^RftC«R ^fWlTt 60 * 61 
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*RWT*l 'Q ^ 

( ^ ) 


332 
f^rht 133 


^Fm^RR 378 

TORF51 320 
^refsrnr ^Ffoi 387 
^Wfft 248 

^ 130 

^rl^rcFrn, vf»?t 4i i 

*rfc*lRR 195 

? ;RJTW 152 

107, 135 

^rr»pFl ^FRl 3, 4, 39 
^RR 44, 48 
*rnR=r 57 
£/M 40 

W •Wh’Rl 89 
n^i 54 
WFR 56 

67 

* 

m FK?r so 
^ 48 
*t%*R 64 
Wf4^49' 

^fNPR ^ “fa 89, 91 
^ 85 

f^flR *tj% 52, 85 

nfRifa CTR 154 

^ 152 

193,377 


402 

28 

^m^RR-FFRR *Ri% 238 

rFrI ^R e l TO 272 
^FW *|*TW 226 

s' 

^FfRl \sR? 407 

^TTO*! 110, 118, 120 
^1^-srfeSltfBR 53F 340, 341 
%f\ c^r^rfB^ 114 
CR5R Ffel &RPR 255 
ei^ff 252 

(R3R T^SRR, ^tWR 301 

WS=r Ft:*R*1 308 

Ff^lF *lf%R ei^R 309 

F^sf^f 306 

Fl^lR 311 

CTR-^t«TR ^ 311 

314 * 

(R3R inm, X5 TTFfR J .206 

^tWl rFrR ^R1 230, 

\ 

cmrji 215 
’Uti *f%* m\ 25i 
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WOT 236 

241, 244 
CStf^OT TO1 234 

nfw 209 

C^K-C^F^ ^ 210, 258 
5 r8t^i 239 
*8W ^ITR^ 211 
(^5'l]<i csfr 158, 360 
*rfo*rWf^5 264 

192, 377 . 

*5 0^ 33 

•xm «tfwf 201 

’t<5"4 1S8, 190 
^ 203 

203 

<8tfWT 197, 311 
wr-s?TTV*t 185 
*if^ 181, 184 
«<T 163 

-ff^3<T fM 137, 266, 267 
^*1 f^faFTl 316 
337 

Tff^ 194 
381, 384, 385 

c^cfpf 160 

’r&’tTOT ^ 61 

*ffi^1 58 
62 


«v3fal 77 
’ttt’IT* WHT<F 46, 147 
rtsri 5 

^T^t^-^Tf^' cW 123 
126, 134 

f^^n c ! 122 

f^fei 183 

121 

^Kll 137 
"ifir f»; c R 135 
W\ ^nOT4 128, 134 
I'rtfVj^ 384 

5^<F 135 

*K*|JW 153 

cb\^ ^ff®Tl>rt*fa 50, 101, 13 

fwfa 128 

^r*?fa C^3t^ ftfaRI 337, 339 
<TJW* WTl 320 
czvfm *rf*Nrpr 29 
4 
4 

r.ul^ 23 
f%^mi 15 

c^vtwsi, ^3f 4, 5 

9, 37 

■$ rftvfa 2 

19 


'J^ 
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rewfiprei, 

**&* 31 
W fare 4, 232 
shirrs li 

32 

ifk W 3T 5 ! 6 

«1^N 268 
"iMm 30 

?tf%3 54^ 45 

T4^f4, 192 

^Tf<m 217 
^ 241 
fiSl Pl^4 192 
^ fif% 223 
f^jfFrl, «rrfa*T* 262 
112, 384 
W^TW 112 
192 

nfsrJfa 109, 128, 131 
361 
5, 410 

*rc*rr«rf^ ctw 33 i 
*T f^«fa 317 

C444 193, 374, 384 
^<TT?4 376 
375 

m 375 


1^5(^21,22 
’jfaffa WT 34 
C«TK*rfft3rtX 22 

c^ftfcr-cerrfor w* 341 

C^fw 385 

T^fWI sff4^a ^-f% 328 
ftfapTO, 315, 316, 323 

326 
324 

<£f*R^ 324 
>T^ e l-^!t*ra 324 
T4^4 fataRl 261 
fafel 238 
ftfspRl ^ 193, 377 

^f*hFl 109, 128, 385 
f4^3?4 390 
*r*rr<39 i 
n^mi390 
c«rr^4 388 
^ 86 

fk^ «if^WP 88 
ftiM 116 

fltl *8r 3, 5, 39, 93 
ejm f^fa 93 
^*if% 105 
f^refer ^ftsTt 109 
^4t#?r etff% 105 
101 

118 
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289 

159 

c?m 385 
'4jm CWF*F 146 
WftlR 384, 385 
COT^' 365, 369 

181,182 
?u 

^Tf%nr 166, 171 
179 
174 
177 

? 5 * 7U 197, 200 
379 

C^gfT 399 

^Jt^-C^-5rf^ s 275 

349 

^Tft?t<r 345 
fifafT*! 349 

forfti 392 395 
W 349 
fgRn 353 
TflP'SCTO fel 393 
C-lft 6 ! 346 
sftfiir 395 
«t$f% 391 
ffT<rr?ri 362 


<^F, 367 

fafc=T 371, 384 
^ 371, 384 
142 

^JtW tofts 146, 359 
CHWJTfi 351,401 
^Jl 202 

^ ton 20 

-*[*& *Nift 245, 395 
h ft <P Wi fJ51 278 


>*B ^ 298 
> 'f?(8 ^*TC p t'f 383 
>l^i, *l*KW 382 
>rsi^«"4 Ti-ft 356 

-sum 181, 182, 187 
2S0 

ftOTlfa 294, 296 
ftrtfSFfafa 398 

ftRC3F! 286 

?nt? c^rsi 397 
tori 88, 314 
^f3i^-^F 162 

c^t^n 342 
383, 384, 385 
385 
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